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Indices track changes in some underlying realities through series of observation 
points. Indices provide information in compact, comparable and accessible form by 
compressing large amounts of data into a single index number according to some 
index formula and methodology. The need for indices derives from man’s insatiable 
desire to quantify his environment and the phenomena he witnesses into more easily 
comprehensible measures. First academic publications on more realistic weighted 
indices were published in the nineteenth century (e.g. Lowe 1823, Laspeyres 1871, 
Paasche 1874). They discussed indices as the measures of price levels and inflation. 
Since then, the utilization of indices has spread to numerous fields. After Irving Fish-
ers’ book “The making of index numbers” in 1922 some economists might have re-
garded the search for the Holy Grail of index formulas to be over due to the discov-
ery of Fisher’s Ideal index. On the contrary, new aspects of these numbers have 
emerged and since then topics such as consistent aggregation (Vartia 1978, Pur-
siainen 2005) and superlative indices (Diewert 1976, Hill 2006) have opened new 
dimensions in index number theory and reminded of its importance. Index number 
theory is thus not a totally new field in science or in economics, but unfortunately 
neither it seems to be the most well-known or understood in general. Yet indices are 
vastly utilized today and hence the theory and logic behind these numbers are more 
relevant than ever. 
 
Because indices compress data, it is clear that there are certain problems related to 
the consistency and reliability of the numbers. It is seldom possible to express some-
thing intricate with simple index number without losing some aspects of the reality in 
the process. Depending on the methodology, shortcomings vary but are unavoidable. 
Index construction as it is, is a field of trade-offs where no comprehensive or exactly 





Indices provide information, which is why they are often used in decision making 
and evaluation. For economists, indices describe the state of the economy and in in-
vesting indices are utilized to optimize portfolio holdings and benchmark perfor-
mance. Established timberland indices such at the NCREIF Timberland Index are 
regarded as the benchmarks among timberland investing community. In Finland the 
return index calculated for the national private forests by the Finnish Forest Research 
Institute is regarded as official statistics that can be used in the evaluation of the ef-
fects of policy and legislative decisions (Finnish Forest Research Institute 2012). 
Needless to say, the methodologies used to calculate these indices have an impact on 
the decisions that are based on them.  
 
This thesis project started off with a bit different focus, however, during the back-
ground research it became clear that no previous studies exist where the problems of 
timberland return measurement are studied from the perspective of index number 
theory. The index number problem seems to be unknown to the previous literature 
concerning timberland indices and unfortunately this flaw carries over to the utilized 
indices, and that is something this thesis tries to change. Due to the complexity of 
timberland as an asset class, timberland return measurement is not only dependent of 
the right index formula and its logic but also of the underlying timberland asset and 
the properties it possesses and assumptions that are made regarding it. The latter as-
pects of timberland return measurement will be called the index construction princi-
ples and they include topics such as desirable age-class distribution and suitable price 
selection. While ignoring the index number problem, the main emphasis of the pre-
vious literature is on the construction principles (e.g. Conroy and Miles 1989, Caul-
field 1994, Binkley et al. 1996, Hancock Timber Resource Group 2003b). 
 
Fortunately, at least in Finland there are signs that the need to have more appropriate 
indices has been acknowledged and one goal set in the National Forest Programme 
2015 is to improve the profitability of private forests partly by developing indicators 
for timberland return measurement (Finnish Ministry of Agriculture and Forestry 
2010, p. 25). In the context of this thesis indices are utilized to track returns from 
timberlands and the properties of these indices are studied in the setting of index 
number theory and index construction principles.  
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1.2 Timberland investments 
 
Investment into timberland is considered to give the owner the ownership to the land 
and the trees growing in it. In some cases, it is possible to own just the land or the 
trees, but usually the owner owns the property as a whole (Binkley et al. 2006). In 
some countries, such as Russia, it is only possible to rent timberlands for predeter-
mined periods of time. Strong (2009) divides timberland investments into three cate-
gories by their driving motives. Timberlands provide solid collateral for loans and 
therefore some investments can be regarded as collaterally driven. Sometimes tim-
berland investments have strategic function and they are used, for example, as a 
buffer by the forest industry companies to guarantee the financial leeway and the 
supply of raw material. Timberland investments can also be just pure investments 
without any other agendas but the return on investment.  
 
The origins of large-scale professional and institutionalized timberland investing lie 
in the North America. Although forest or timberland is not a new asset class, two 
developments in U.S. were needed for the professional timberland investment indus-
try to emerge. First, it was the Federal Employee Retirement Income Security Act in 
1974 that finally encouraged institutions to diversify their portfolios beyond the usual 
stocks and bonds (Conroy and Miles 1989, Cascio and Clutter 2008). Secondly, dur-
ing the same period forest industry companies started to offload their timberland 
holdings. Historically, forest products companies had held vast timberland holdings 
in their balance sheets, to use them as buffers and to guarantee continuous timber 
supply. The attitudes changed towards more lean and focused organizations, and with 
the possibility offered by timberland sales to finance the capital expenditures, many 
companies sold their forest assets (Binkley et al. 1996). It is also suggests that the 
accounting practices that forced companies to undervalue their forest assets and that 
way artificially lowered their balance sheets (Mie and Clutter 2010), made them also 
suitable targets for the leveraged buyouts, and thus encouraged companies to offload 
their timberlands (Binkley et al. 2006). The industry was willing to sell, but they 
need someone to buy, and in a large scale. Since timberlands are bought and sold like 
any other real estate, it is possible for institutions to form their timberland portfolios 
by themselves via direct ownership. Although, forest having somewhat different as-
set attributes compared to common real estates, it was possible for different groups to 
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specialize in timberland investing and offer their service to the institutions. This pro-
gress laid the foundations in the U.S for the formation of Timberland Investment 
Management Organizations or TIMOs (Binkley et al. 2006). Later, Timberland Real 
Estate Investment Trusts (TREIT) were formed, and it is now possible to buy and sell 
proportions of large timberland pools straight from stock exchanges. 
 
As said, possibilities to invest into timberland are divided into two main categories. 
One can own forest via direct ownership or through some investment vehicle. In tim-
berland investing, the two main types of investment vehicles are the TIMOs and 
TREITs. Of these two, TIMOs are considered as the private equity vehicles due the 
origin of their capital and TREITs, being publicly exchanged, are publicly traded 
timberland investments. TIMOs are entities that offer timberland investment services 
to institutions and wealthy individuals. TIMOs have both, open timberland funds that 
are available to everyone willing to make the minimum commitment and more ex-
clusive separate accounts for individual clients with more specified needs and suffi-
cient capital base.  
 
1.3 The research question and the purpose of the study 
 
A return index of an asset is a fundamental tool. It provides answers to the question, 
what the return of the asset is and how profitable it is to invest in it or to hold such 
asset. To get the idea, it must then first be decided how return itself is defined and 
calculated. For asset such as publicly traded stocks, the returns and index formulation 
might be relatively simple, but for asset like timberland the answer is not as self-
evident. With publicly traded stocks, one is able to obtain price quotes every second 
the stock exchange is open. Thus, the valuation of a single or a pool of stocks is fair-
ly straightforward and the differences between time intervals can easily be calculat-
ed. With timberlands, the question is more complicated. Stocks are standardized; 
timberland properties are not. Stocks are usually fairly liquid; timberlands are not. 
This means that timberland index construction has clearly some challenges to over-
come, and evidently a timberland return index also tries to answer to fundamental 




In addition to providing the basic information and idea of the asset’s return develop-
ment, an index also makes it possible to compare the asset with other asset classes. A 
timberland index provides valuable knowledge about the characteristics of timber-
land as an asset class and without an index, it would be impossible to know what 
benefits and drawbacks timberlands might have. This information is essential for 
individual forest owner, but it would be especially valuable for institutional investors 
and researchers. As an investment, timberland requires quite long investment hori-
zon, and it is relatively illiquid, but according to numerous studies, it has also many 
suitable attributes which makes it lucrative for institutional investors (e.g. Conroy 
and Miles 1989, Caulfield and Zinkhan 1998, Newell and Eves 2009). Managing vast 
fortunes, institutional investors are constantly searching for new ways to get higher 
returns on their capital and to better control their exposure to risk. 
 
Asset management practices are dominated by the principles of modern portfolio 
theory and its implications about diversification. In portfolio management, the 
knowledge about the behavior and characteristics of an asset is important, but at least 
as important is to know how the asset behaves in relation to the other assets in the 
portfolio (Caulfield 1994). In addition, the portfolio optimization and diversification 
also applies within timberland investing and therefore a timberland return index can 
operate the same fashion as aggregate stock market indices do for equity investors, as 
a benchmark. In 2010, Scholtens and Spierdijk presented some alarming findings that 
the currently available indices might not adequately represent the true characteristics 
of timberland returns. The findings can be also seen partly as a need to develop more 
representative tools to evaluate timberland returns, meaning timberland return indi-
ces. An accurate return index is a valuable tool for the practitioners and researchers 
to further analyze the economics and investing prospects of timberland. 
 
Currently, there is no comprehensive study regarding indices that would measure 
unbiased returns from timberland investments. For this reason, there are a large 
number of funds, institutional investors and policy makers who currently have to rely 
on biased and ad hoc type of indices that do not have relevant background in index 
number theory and that might also have some weaknesses in their construction prin-
ciples. The benefits of an unbiased timberland returns index would unquestionable.  
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The purpose of this thesis is to apply index theory into timberland returns and by 
further analyzing the index construction principles and formulation, define which 
construction principles and index formula could represent timberland returns in a 
correct and theoretically exact fashion. The research question of this study consists of 
three stages. 
 
1. What are the methodologies of the existing indices and what are their ad-
vantages and disadvantages? 
 
2. What is the theoretically preferable timberland return index formula and what 
would be the desirable index construction principles? 
 
3. What are the properties and feasibility of such an index formula and construc-
tion principles to function as reliable measures for timberland return com-
pared to other indices and methods? 
 
As a result, it is expected that the paper will provide more profound understanding 
about the currently available indices and their advantages and disadvantages as 
measures of timberland return. It is anticipated that some flaws will emerge when 
studying the existing indices and their suitability. By studying these problems and 
testing index methodologies, the paper aims to give recommendations regarding the 
construction and theory of timberland return indices and to show how different deci-
sions made regarding the index formula and construction principles affect the result-
ing index number. 
 
“The index-number problem arises whenever we want a quantitative expression for a 
complex that is made up of individual measurements for which no common physical 
unit exists. The desire to unite such measurements and the fact that this cannot be 
done by using physical or technical principles of comparison only, constitute the 





2. THEORETICAL FRAMEWORK 
 
 
2.1 Defining the value of timberland and its return 
 
2.1.1 Monetary values 
 
Forests serve in many functions and provide many different services. Some of those 
services can be priced rather easily such as timber or hunting rights, others, like rec-
reational or existential values are harder to price or have no price or functioning 
market at all. In the context of this study, only the monetary values are considered 
and the focus is on timber production which is obviously the main used of land in 
timberland investing. Money is strictly quantitative measure which provides a solid 
foundation for the index formulation and to the measurement of return.  
 
2.1.2 Biological growth 
 
Timberlands consist of trees, which are living organisms. Hence timberland is quite a 
different and unique asset compared to others, mainly because of the biological 
growth and because the end product, timber, can also be seen as part of the produc-
tion facility producing the end product together with the bare land.  
 
Numerous factors affect the growth characteristics of a forest. Different species grow 
differently. Fundamentally, the climate, soil type and other living conditions usually 
define the tree species that can be grown, but once the species is selected the varia-
tions in these factors affect the growth itself (Davis et al. 2001, p. 131, 132). Also 
man can facilitate the growth by doing silvicultural and forest improvement work 
and by altering the circumstances. For example, thinning provides more space for the 
remaining threes to growth, whereas ditches help to manage and optimize the water 
balance. The growth of a tree is divided into different phases. The exact growth char-
acteristics depend on the tree species but, for a boreal forest, the volume growth usu-
ally starts off relatively slowly after the plantation, but gradually it starts to acceler-
ate towards the phase of fast growth after which it peaks and the growth rate starts to 
decrease again. When the trees reach maturity, the growth can stop or even decrease 
as the old trees start to erode. As an example, a sigmoid growth curve of US temper-




Figure 1. Sigmoid curve representing the cumulative volume growth of forest. 
 
From this sigmoid curve, the current annual increment (CAI) can be calculated by 
taking the first derivate of the growth function at every point in time. CAI will reveal 
when the growth peaks and the timing of the different growth phases. Mean annual 
increment (MAI) is defined as f(t)/t, expressing the past average annual volume 
growth at time t. 
 
 







Forests are grown in rotations. Depending on the type of forest, species and whether 
it is even-age or uneven-age managed, the number of rotations and their length in 
timberland can vary from just one to many. Rotation refers to the time period from 
plantation of the forest to the final harvest. The length of the rotation can be defined 
in different ways. Biological rotation is the rotation length that maximizes the mean 
annual increment (MAI) seen in the figure 2 (Klemperer 2003 p. 221). However, 
biological rotation can only accidentally maximize the total economic value of the 
timberland and timber production practiced in it. Before we can calculate the rotation 
length that maximizes the economic value, we need to consider how timber itself is 
valued. 
 
2.1.3 Value of timber 
 
Clearly, the biological growth forms a return component in forestry but the value of 
it is multidimensional questions. In forestry, timber appears in two forms, one that is 
still standing, called the timber stock or the timber stand and timber that has been fell 
through harvest. Mayo and Straka (2005) define that when timber is harvested it be-
comes personal property with liquidation value, but when it is still standing it is real 
property with holding value. Following this rationale, the moment timber is harvest-
ed it becomes a commodity like anything else and its value is relatively simple to 
asses. Timber that has been already felled, depending on its current or future transfer 
location, can be valued at the roadside prices or if delivered at the mill, then in deliv-
ery prices. More challenging part is the assessment of the value of standing timber. 
This is mostly due the fact that trees tend to grow over time and therefore their value 
change.  
 
As discussed in the previous section, the biological growth of trees manifests itself in 
two ways. Trees grow higher and wider. In the forest level, older trees also seed new 
saplings, increasing the number of stems per acre. From the value perspective, the 
growth of trees results in increase in the volume of timber. Ceteris paribus, a higher 
volume means higher value. Merchantable timber is the end product of forestry but it 
is the raw material for the forest industry.  The end uses of timber dictate the quali-
ties that are demanded from it and therefore they affect also the pricing. The main 
categories of timber are energy wood, pulpwood and logs. 
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Energy wood, as the name states, is used to produce bioenergy whereas pulpwood is 
pulped for wood pulp and used for paper and packaging products. Logs are mainly 
used by lumber industry to produce lumber products such as sawn wood, panels and 
poles, while the high quality logs are used by carpenters. In order to qualify to a cer-
tain category, it is required that the timber meets specified minimum diameter, 
height, quality and possibly age requirements. The measure and quality requirements 
are usually the lowest for the energy wood and highest for the logs, pulpwood being 
in the middle. To give a rough example, in Finland for a tree to qualify for pulpwood 
it has to be around 6-8 cm in diameter and 3 meters long, when for saw logs the cor-
responding figures are 15cm and 3.1 meters (Metsä vastaa 2009). In January 2013 
spruce saw logs sold for 53.51 euros per cubic meter on average in Finland, but 
pulpwood only for 17.32 euros (Finnish Forest Research Institute 2013a). Evidently 
the price difference between timber assortments is substantial and it matters to which 
assortment the timber qualifies for. 
 
Due to the technical requirements, it can now be seen that during its lifespan, a tree 
moves through the different timber assortment groups. What is important is that all 
these different assortments have different prices. From the value perspective the 
growth and shifts from one assortment to another is challenging. Kobriger et al. 
(2011) defined merchantable timber as the standing timber that qualifies at least to 
one assortment criterion and hence can be harvested and sold. Premerchantable 
timber is timber that has not yet reached any criterion and thus it is not economically 
reasonable to harvest it. Premerchantable timber can also be called financially imma-
ture and merchantable timber financially mature (Klemperer 2003, p.223).  
 
There are two different concepts of timber value. Liquidation value of timber is the 
value of the trees as if they would be sold now. Stumpage price can be used to illus-
trate the liquidation value, which is the price of a standing tree paid to the forest 
owner that takes into account the expenses that will incur to the buyer when he or she 
fells the tree and transports it to the mill (Healy and Bergquist 1994, Klemperer 
2003, p. 334). The problem lies in the valuation of trees that cannot be, or are not 
wanted to be harvested yet. Both merchantable and premerchantable trees qualify for 
this problem. If the final harvest is still in the future, and trees are left to grow more, 
then the concept of holding value is used instead of liquidation value. 
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Holding value represents the discounted net cash flow that an asset generates to its 
holder. The holding value of timberland can be expressed in mathematical formula-
tion as a simple present value calculation (Klemperer 2003, 222 p.). 
 
                ∑ (
       
 
      
 
  
      
)
    
   
 (1) 
 
   is present time and T is the optimal rotation age and t runs from 0 to T–
            .    is the harvest volume at time q,    is the price of timber at time t 
and    is the, yet to be discussed, bare land value, together they form the revenue 
component in denominator. r is the interest rate and it is raised to power of t. Second 
part of the equation takes into account the possible costs,   , resulting from the grow-
ing of trees and it is discounted into present time t in same fashion as the revenues. If 
we ignore the bare land value component    for now and focus on the rest of equa-
tion, it can be interpreted that any single tree or timber stock growing in the forest, 
even if its immature, has a holding value at any moment in time which equals its fu-
ture net cash flows discounted to the present.  
 
If it is not clear at this point, discounting simply means that we transfer future cash 
flows through time to value them at present. Opposite of discounting is prolonging. 
Discount rate has three components: time value, risk premium and inflation compo-
nent (Davis et al. 2001, p.  320). Time value represents opportunity cost of delayed 
consumption, put in layman’s logic, even in a risk and inflation free environment a 
certain amount of money in a hand today is more valuable than the same sum re-
ceived tomorrow. Risk premium takes into account the uncertainty related to the 
future cash flows. Since it is not known what is going to happen in the future, we add 
a certain risk premium to the discount rate to put a price to that risk. Inflation com-
ponent simply accounts for the expected increase in the overall price-levels during 
the period. Timberland is an investment with long time horizon, which means that 
the discount rate gnaws the cash flows for long periods of time and even small 




A problem in practical valuation of timberlands according Mayo and Straka (2005) is 
caused by the fact that the holding value is usually higher than liquidation value, alt-
hough the liquidation value approaches the holding value when the tree approaches 
the optimal cutting age. The difficulty is that premerchantabe timber does not have 
liquidation value, because it is too small to qualify even for the lowest requirements. 
With merchantable timber, even though it has liquidation value, the forest owner 
might want to grow the trees longer in order for them to reach the target assortment 
category and higher value. So to which value should the appraiser value the growing 
timber stock? On a theoretical basis, it can be said that the forest should be valued to 
holding value, since it illustrates the true expected gains from the venture of growing 
trees, but in practice premerchantable timber is valued at holding value and mer-
chantable timber at liquidation value (Caulfield 1998a, Mayo et al. 2005). This prac-
tice results in value fluctuations when timber moves from premerchantable timber to 
merchantable timber, in other words, from holding value to liquidation value.  
 
In theoretical models, this probably is not a major problem since discounted cash 
flow models can be used throughout the estimation if liquidation value does not rep-
resent the true value of the timber correctly, but it might be worth noticing when us-
ing real property appraisal data. It should be remembered that holding value calcula-
tion requires assumptions regarding future prices and interest rates, which might in 
some cases make the simple liquidation value calculation more favorable.  
 
2.1.4 Value of bare land and timberland property 
 
In holding value calculation we touched the concept of bare land value. Correct solu-
tion to the problem of forestland land’s value and the rotation lengths that maximizes 
it, has haunted numerous economists through centuries, and even great minds like 
Irving Fisher and Harold Hotelling have ended up to incorrect solutions (Samuelson 
1976). The theoretical framework and correct solution to the problem was given by 
Martin Faustmann already in 1849. The principle is that the value of forest land is the 
net present value of all the future rotations that will be grown in the land, and there-
fore, the rotation length that maximizes this value is the optimal solution. With con-
tinuously compounding interest, the bare land value calculated with  
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Faustmann formula (1849) in its simplest form can be maximized according to 
equation 2 (Samuelson 1976): 
 
       
 
        
      
      
 (2) 
 
where T is the rotation length,    is price at clearcut,    marks the timber volume at 
clearcut and    is the regeneration cost that occurs at the start of each rotation. In 
numerator we have the net present value of the first rotation, and the logic of the 
equation is that the consecutive chain of rotations are assumed to last till infinity and 
their values are discounted to present. After Faustmann, Pressler (1860) deepened the 
understanding of the implications the model has to capital theory and emphasized the 
importance of value increment in forestry decisions. In 1921, Nobelist Bertil Ohlin 
combined these previous findings into so the called Faustmann-Ohlin theorem, which 
defines the optimal time of harvest. The theorem is written as follows (Ohlin 1921): 
 
           
    
     
 (3) 
 
In above,      stands for the value of the forest after n years and r is the interest rate. 
Left hand side of the equation defines the annual value increment of the forest at time 
n and right hand side illustrates the opportunity cost of the capital tied into the forest. 
If we recall the sigmoid curve that represents the growth of a tree or an entire forests, 
we remember that after certain point the growth of forest tends to slow down when 
gaining age. According to the theorem, forest should be harvested when the value 
growth of the forest equals the cost of capital employed. If one exceeds this window, 
then the value of the forest grows slower than the interest that would have been pos-
sible to gain on the capital received from selling the timber and the bare land.  
 
In 1976 Samuelson proved, that even with infinite chain of rotations the Faustmann 
solution for optimal rotation length remains the same as in the case of maximizing 
just the first rotation when land rent is included (Samuelson 1976). Since the Faust-
mann formula is a very theoretical formulation and it looks as far into the future as it 
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is possible, to infinity, Samuelson (1976) lists the key assumptions that need to be 
made, in order to be able to calculate the bare land value. 
 
 Future timber prices and costs related to forestry are know 
 Future interest rates are known and it is possible lend and borrow indefinite 
amounts with the same rate 
 Future timber yields are known 
 Timberlands can be sold and bought freely in perfect and liquid market with 
no transaction costs 
 
The equation 2 values forestland at time zero when it is bare and assumes that all the 
revenues occur at clearcut. In their article Hyytiäinen and Tahvonen (2003) formu-
lated a function with which it is possible to calculate and maximize the value of for-
est land    
  at any given time    during the rotation. The equation 4 is also bit more 
realistic, and takes into account the revenues from thinnings and annual costs that 
occur during rotations. The original function is presented for two species only, hence 
i runs from 1 to 2, but obviously it is possible to extend the model to cover any num-
ber of species when needed. 
 
 
   
       {∑[∑                
 
   
]     (     )   
  (     )   
          
 
   
}
             
(4) 
 
above   is the possible income tax, subscript j denotes the silvicultural activity and i 
species. Naturally p is prices, q timber volume, C regeneration cost and   annual 
overhead.    is the maximized bare land value calculated with equation 2. 
 
Important note is that Faustmann formula and its derivatives assume that timber pro-
duction or forestry is the best use for the land. According to Gilmore and Healy 
(1991) in practical bare land valuation, factors affecting the value the most are topog-
raphy, accessibility, location, weather, soil type and site productivity. More im-
portantly they emphasize the need not only to consider the current use of the land but 
its future use as well, since higher and better uses of land can increase the bare land 
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value substantially, which is often the case when timberlands are converted to resi-
dential use. 
 
As was seen in equation 4, timberland property value is the combination of the pre-
sent value of the expected bare land value at clearcut plus the value of standing tim-
ber stock growing in it. According to Geltner and Ling (2006) in real estate, there 
exist three types of property values which are transaction value, appraisal value and 
market value. Transaction value is the value in which the property is sold and bought 
in the market. Appraisal value is based on appraisal. Appraisals are done when the 
property has not been part of a transaction during the valuation period and as a result 
its value must be appraised. Appraisal can be based on theoretical models that utilize, 
for example, the idea of discounted net income or appraisals can be made as sales 
comparisons where transactions of similar properties are searched and their transac-
tion values are used to value the property in question (Healy and Bergquist 1994). 
Market value is unobservable value and it is the true value of the property and the 
most likely or expect transaction price. Market value can be seen as the mean of the 
probability distribution of all the possible transaction prices, when single transaction 
is a random draw from the distribution (Geltner and Ling 2006).  
 
2.1.5 Timberland return 
 
The return formulation of timberland between two points in time combines the return 
components considered above. A problem among forest economists has been that in 
order to get the investor interested in the asset class, the return of timberland had to 
be formulated in the same manner as other assets. Following this principle Conroy 
and Miles (1989) and Thomson (1991) define timberland return function as follows: 
 
    
            
       
   (5) 
 
In the equation     is the value of standing timber stock at the end of period 1,     is 
the land value at time 1 and      is the operating cash flow during period 1. Timber 
value can be calculated as discussed in chapter 2.1.3. Land value is the bare land 
value at clear cut provided by the Faustmann formula, which is then discounted to 
given period present. Operating cash flow in forestry is typically the net of timber 
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sales and costs during the period. In the formula timber value     and land value     
form together timberland property value. It can be seen that the return of a Timber-
land is defined by two return drivers, the property value component     +     and 
the income component     . 
 
Value of timber was previously defined as being measured either on liquidation val-
ue basis or on holding value or as their combination, therefore changes in timber val-
ue are results of changes in prices of timber and changes in the timber stock. Liqui-
dation value is dependent on the current market prices whereas the changes in the 
future-looking holding value occur when the price or cost expectations change. Be-
cause the discount rate is present in holding value formula, if for example the risk 
characteristics of forestry change, other factors remaining fixed, the holding value 
will also change. Growth increases the total standing timber stock and also due to the 
growth trees shift from one timber assortment to another. Holding value is used when 
the tree is immature and is expect to still grow, hence, the expected increase in vol-
ume is already accounted for in the figure, whereas liquidation value represents the 
current volume or stock multiplied by the price. Because harvested trees used to be 
incorporated in to timber value as a standing timber, the volume changes during a 
period are mostly shaped by the level harvests during that period. Following this rea-
soning, if harvests are kept constant from period to period and the whole periodical 
increment is harvested, like in fully-regulated forests that have the same amount of 
forest in every age-class, the volumes will remain somewhat constant. This simply 
follows the deduction that timber stock (  ) is a function of timber stock in the end 
of last period (  ), harvests during the period (  ) and net growth or increment dur-
ing the period (  ). 
 
             (6) 
 
Land value is calculated by using Faustmann formula and again, changes in land 
value are caused by changes in the variables, which are the same as in holding value 
formula, but with the exception of the assumption of the rotation cycles lasting till 
infinity. Assuming ceteris paribus, if something happens to the assumptions and ex-
pectation about future revenues, costs or interest rates, then the land value will 
change. Since land’s value is eventually dependent on its capability to produce tim-
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ber (Faustmann 1849) it is possible to raise land value by doing capital improve-
ments that enhance timber production. Also if some new use forms for the land ap-
pears, such as housing, consequently the willingness to pay for the land changes 
through that transformation option. As said previously, the sum of timber stock value 
and land value produce timberland property value, and it will be seen in forthcoming 
chapters, that instead of using theoretical values it might in some occasions be possi-
ble to replace timber stock and land value in the formulation with the market value of 
the timberland property.  
 
The operating cash flow (    ) includes proceeds from timber sales and possible 
costs that occur during the period (Thomson 1991). The OCF component can then be 
disaggregated into a function of harvest quantity (  ), price (  ) and costs (  ). 
 
               (7) 
 
Based on this formulation, one can increase cash flows either by increasing harvests, 
reducing costs and, if possible, selling at higher prices. Harvests can be increased, 
but as we saw in equation 6 the level of harvest affect directly timber stock (  ), and 
thus higher returns cannot sustainably be based on harvest volumes higher than peri-
odical growth if the growth rate itself is not changed. Instead, the increase has to 
come from higher prices or from lower costs. Lower cost can be achieved, for exam-
ple, by using natural regeneration instead of planting when possible. It is also possi-
ble to acquire addition revenues from other forest related services such as from the 
sales of hunting leases (Caulfield 1994). 
 
Defining the timberland returns this way, it is put in a same form as the return of 
financial assets such as stocks and bonds. Harvest revenues can be considered as 
dividends or coupon interests of timberland and property value change function the 









2.2 Timberland as an asset class  
 
2.2.1 Investment theory  
 
To understand the need for return index and the unique properties of timberland from 
investors’ perspective, it is worth going over the basic concept of portfolio theory 
and pricing of financial assets. According to Markowitz (1952), Sharpe (1964) and 
Lintner (1965) the measure of the risk of an asset is the standard deviation of the 
returns generated by the asset, often referred as the volatility, which can be divided 
into two components. First of the components is unsystematic risk which is the risk 
related to the individual asset and it represents separate risk characteristics of that 
particular asset. Based on Markowitz (1952), in portfolio level unsystematic risk can 
be eliminated by diversifying into uncorrelated assets without sacrificing the ex-
pected returns. This is a result of the fact that by splitting investment between two or 
more assets, the volatility of the entire portfolio can be minimized because the uncor-
related price movements of different assets tend to counter each. Once the diversifi-
cation is broad enough, the only risk the investor faces is the systematics risk which 
illustrates how the individual asset behaves in relation to the market as a whole.  
 
In the Capital Asset Pricing Model (CAPM), which defines asset’s required rate of 
return in diversified portfolio, Sharpe (1964) and Lintner (1965) introduced the vari-
able β which expresses in relative terms this relationship between an asset and relat-
ed market. Having beta value of one means that the returns of an asset mirrors the 
ones of market with perfect sync and with same magnitude, whereas positive values 
lower than one indicate that the asset tends follow the market with smaller relative 
changes. Beta values higher than one mean that the asset is more volatile than the 
market, meaning that changes in the markets manifest themselves as greater relative 
changes in the value of the asset. Beta is purely a term of relative correlation, and it 
does not make any separation between plain coincidence and possible cause and con-
sequence relationship that might be present in the witnessed correlation. The concept 
of beta is important because according to CAPM theory, the market risk, or systemat-
ic risk, is the only risk the investor is exposed to and rewarded from taking. In short, 
in diversified portfolio the beta is the variable that specifies the risk and thus the re-
quired rate of return of an asset and through that its price, when other factors remain 
constant. Following this rationale, investor wants to construct his or her portfolio 
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with assets that are neither highly correlated with each other, nor with the market. 
Rational investor will form a portfolio that is on the so called efficient frontier of his 
or her risk tolerance and required rate of return, meaning, that she will achieve the 
highest returns with the chosen risk level, or putting the other way around, the lowest 
risk with the chosen return. Inclusion of negatively correlating assets or assets with 
negative betas can reduce the combined total portfolio deviation without reducing the 
total return of the portfolio, since negatively correlated assets tend to cancel the op-
posite changes in each other and negative beta assets the fluctuations caused by the 
systematic risk (Redmond and Cubbage 1988). In discount rate selection, negative 
beta means that also the discount rate, which for fully equity financed assets is the 
same as expected rate of return produced by CAPM, should be smaller than the re-
quired rate of return of risk-free asset because the risk of the asset is lower that of the 
risk free asset (Zinkhan 1988). 
 
Without going into too many details, but being important tool when trying to under-
stand the features of timberland as an investment and the need for its measure, it is 
worth going over the CAPM formula through the so called Jensen’s performance 
measure, also known as the Jensen’s alpha. The original CAPM is an equilibrium 
equation, but sometimes assets earn more than they should have based on their betas. 
Jensen (1969) fixed this problem by adding a performance variable   to express the 
excess returns of an asset, in order to balance the equation. Due this nature   can 
only be calculate ex post, and the equation is as follows.  
 
    (     )            (8) 
 
In the equation    is the return generated by the asset i,    is the risk-free rate of re-
turn,    is the market return and    is the historical beta of the asset. The beauty of 
the equation and the thing that makes it important when considering return indices, is 
the fact that in can be used in statistical analysis by rearranging it into a form of re-
gression function (Jensen 1969).  
 




The risk premium of asset i is now function of the intercept which is Jensen’s per-
formance measure, the risk premium of the asset based on its beta and random white 
noise error term. Positive    values indicate that an asset has earned excess returns or 
more than it should have based on its historical risk.  
 
Many variations of these investment and portfolio selection calculations have been 
made in which timberland has been involved as a possible asset to be included in a 
portfolio. It is good to remember that portfolio theory does not only apply to aggre-
gate level allocation decisions, but it is also utilized by the TIMOs and REITs to op-
timize their timberland portfolios and to diversifying their holdings between different 
geographical regions, as well as between different forest age-classes and timber as-
sortments and tree species (Caulfield 1998a).  
 
2.2.2 Timberland in a portfolio 
 
To sum up the implications the biological aspects have on the financial properties of 
timberlands, it can be said that even though timberlands can in some parts of the 
world grow slowly and that there are certain physical risks involved, there are also 
few unique features that timberlands possess that might make it worthwhile. Timber-
lands have relatively long so called slaughter or harvesting window. This means that 
the period when it is optimal to liquidate or to harvest the forest is not a short one, 
but instead the forest will continue to grow at the optimal rate or close to it for quite 
long period of time. Forest owners and managers tend exploit this feature and harvest 
more timber when the prices are high and refrain from logging when the prices are 
low (Hancock Timber Resource Group 1999). Not like economies, forests grow even 
in recession. The biological growth can make up for the shrinking timber prices and 
if held over the hard times and liquidated on booms at high prices, the profits can be 
substantial. 
 
As said, there exist numerous studies regarding the properties and performance of 
timberland as an asset and most of them discuss the inclusions of timberland into 
portfolio of institutional investors. Institutional investors are a natural choice given 
the diversification requirements set by officials and the longer investment horizon 
and illiquidity of timberland investments. In most of the papers, US-based timberland 
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returns have been used as the main timberland return benchmark component. Red-
mond and Cubbage (1988) made calculations using US stumpage price return indices 
from 1951 to 1985 and received positive alphas and negative betas for most of the 
series. Hereby stumpage prices tended to be counter cyclical compared to other as-
sets. Conroy and Miles (1989) constructed a synthetic return formula for timberland 
returns and found out that timberland returns have low and sometimes even negative 
correlation with other assets, and concluded that pension fund should consider add-
ing timberland into their portfolios. Caulfield (1994) found out that returns from 
Timberland performance index have outperformed treasury bills and commercial real 
estate between 1981–1992 with negative correlations and low risk. According to 
Binkley et al. (1996) timberland investments in the U.S. have been “negative-risk” 
investments with negative beta and positive alpha during the time period of 1960–
1994. Accompanied by low correlation with other assets, by adding timberland into 
portfolio, it is possible to lower the risk and push the efficient frontier of the portfolio 
further. Caulfield and Zinkhan (1998) tested the long-term persistence of timberland 
in a portfolio with rolling periods, based on return series from 1981 to 1996, and 
concluded that timberland can and should have a role in a portfolio, both, in long and 
short-term. Caulfield (1998b) also made a remark that portfolio returns could have 
been increased between 1981 and 1996 by adding timberland into the mix. Binkley et 
al. (2006) reported that US timberland investments have had their own and higher 
capital market line than assets with the same volatility. 
 
In addition to returns and their correlations with other assets, it has also been exam-
ined that timberland returns are positively correlated with inflation. Results from 
research conducted by Washburn and Binkley (1993) show that US timberlands are 
able to provide hedge against inflation, but the quality and characteristics of the 
hedge depend on the regional distribution of the timberland holdings. Lausti (2004) 
concluded that timberland ownership has provided especially good hedge against 
unexpected inflation in Finland, which is often hard to hedge against. According to 
Lutz (2007) a diversified US timberland portfolio can provide inflation hedge for US 
based investors, but in many cases for investors from other countries as well. 
 
In recent years there have been published some new studies that suggest that some of 
the benefits of timberland, discussed in past papers, might have been lost and or even 
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been false. Newell and Eves (2009), although acknowledging the advantages of in-
cluding timberland in mixed or real estate portfolio, reported some reduction in di-
versification benefits of US timberland in recent years. Liao et al. (2009) reminded 
that although US timberlands have earned excess returns in short-run, in long-run the 
excess returns should disappear due the zero-profit equilibrium condition. Mei and 
Clutter (2010) studied the difference between private equity timberland investments 
and public-equity timberland assets and concluded that most of the benefits, natural-
ly, do not apply to public-equity timberland assets because they behave more like the 
overall market. Lutz (2010) warns us not to draw too hasty conclusions from the cor-
relation matrices that indicate that timberland returns have been negatively correlated 
with stocks and bonds. According to the paper, US timberland returns are not nega-
tively correlated with stocks neither they are positively correlated with them. 
 
Scholtens and Spierdijk (2010) presented conflicting results regarding timberland’s 
superiority as a portfolio diversifier. Differing from previous studies, they did not 
only use the NCREIF Timber Index, but also calculated an unsmoothed series for the 
index to correct the possible appraisal bias in the index. Bias resulting from the 
problem that not all the timberlands in the index are involved in market transactions 
in every period, and as a result their values are appraisals based on the recent transac-
tions, which leads to smoothing of the return series. Keeping the mean and return 
unchanged, the unsmoothing was made to increase the volatility of the index so that 
the index would not give too advantageous impression of private equity timberland 
returns. The paper also raised a point regarding the use of Standard & Poor’s 500 
stock index as a proxy for market returns that in turn might not be the most suitable 
proxy, and benchmarking timberland against it might give overstated results about 
timberlands’ good features. After conducting mean-variance tests to analyze the 
gains from adding timberland into well diversified portfolios, the paper concluded 
that in fact, the previously reported benefits can be questioned. As can be expected, 
due to their different nature and market exposure, publicly traded timberland REITs 
did not improve the mean-variance frontier. More alarming is that the unsmoothed 
index, representing private equity timberland investments, did not cope nearly as 
well as the original NCREIF Timberland Index which is widely used in literature and 
in practice.  
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Overall, the unsmoothed NCREIF Timberland index was not able to contribute in 
meaningful proportions to the portfolio’s mean-variance frontier and thus the paper 
casts a shadow of a doubt over the real benefits of timberland as an asset class and 
the existing indices’ ability to measure its return.  
 
2.3 Index numbers 
 
2.3.1 Index number theory 
 
The purpose of an index number is to express the change between observations. Mer-
riam-Webster Online defines index number as follows: “A number used to indicate 
change in magnitude (as of cost or price) as compared with the magnitude at some 
specified time usually taken as 100”. The practice chosen to measure this change has 
major influence to the properties of the index. In economics, indices can be divided 
into different types depending on the subject they are tracking. Price and quantity 
indices tract the changes in prices or quantities and the indices themselves can be 
weighted or not, while the weights can be fixed or changing. Value indices tract the 
changes in value. Value is considered as the product of price and quantity. Often 
value indices can be formed by combining the corresponding price and quantity indi-
ces. Return indices tract the returns that the tracked subject generates. Return indi-
ces can be seen as an extension of the three common index types. Return indices do 
not only include the change in value but they also account for the cash flow the 
tracked subject generates.  
 
There does not exist any strict criterion on what can be called an index and what can 
be not. Similarly there is no general agreement of the correct methodology of how to 
formulate an index. The traditional index number problem boils down to the fun-
damental key question of how should a shift from one observation point to another 
be measured, so that the index number would provide the best possible illustration of 
the change, when there are more than one variable contributing to the observation. So 
the problem is that not only the tracked variable and but also the variable used for 
weighting changes. With one variable the index number problem does not exist. In 





Figure 3. Graphical illustration of the index number problem 
 
Figure 3 can illustrate, for example, two different supply and corresponding price 
levels in economy and the index theoretical question is how area b should be divided 
between separate price and quantity components when the change in value of the 
supply from      to      equals a+b+c. In practice this requires decisions to be 
made regarding index weights and the desirable mathematical properties of the in-
dex. Should the price index be weighted with this period’s quantities or last period’s 
quantities and what about the quantity index? If we favor one period over another in 
weighting we might allocation the whole area b to one of the two decomposition in-
dices when the counterpart will be left only with either a or c. This point will be il-
lustrated mathematically in chapter 3.6 with Laspeyres and Paasche indices.  
 
 “The basic problem of index numbers can be summarized in one row. It is the con-
nection between sum, product and changes, both in micro and macro levels. It is 
astonishing, that sums of products are so easy to calculate and understand but hard 
to decompose.” (Vartia 2010)  
 
To solve the index number problem there exist couple of different approaches that 
can be considered when choosing an index formula. Vartia (1976) divides modern 
index formulation approaches into descriptive and economic approaches, whereas 
Frisch (1936) uses terms atomistic and functional for the same ideologies. The third 





mulation and is not anymore considered to be a valid approach (Samuelson and 
Swamy 1974). In descriptive approach the aim is to construct an index that satisfies 
certain desirable criterion, and is in a way elegant and exact mathematically, and for 
this reason the formula might not have much to do with the true underlying mechan-
ics of the observed subject or phenomenon (Vartia 1976, p. 31). Basically descriptive 
approach uses index tests or axioms to define the mathematically best formula to 
divide the area b in figure 3. 
 
As the bellwether of descriptive index formulation and testing Irving Fisher refers to 
“two great tests” in his 1922 published book “The making of index numbers”. The 
two tests are the time reversal test and the factor reversal test. Time reversal simply 
refers to the property of an index that the point of reference should not affect the out-
come, and hence the index formula should produce the same result, but only inverse-
ly, if the variables are interchanged within the formula. Factor reversal means that 
the aggregate value index should be able to be broken down and to be formed back 
again by multiplying the separate price and quantity indices with each other. In addi-
tion to these two, Fisher (1922) discussed numerous other tests as well. Eichhorn 
(1976) gathered the most commonly used tests into a short list presented below. In 
the list index P is a function of two sets of quantity and price. 
 
 Proportionality test:                   for all     . 
 Circular test:                                          
 Identity test:                  
 Time reversal test:                                
 Determinateness Test: If any scalar argument in P tends to zero, then 
             tends to a unique positive real number. 
 Commensurability Test: A price index must be independent of the units of 
measurement. 
 Factor reversal test:                          
  
    
 
 
It should be noted that the previous list does not include all the existing tests and one 
should see, for example, Balk (1995) or IMF (2004) for more complete and intuitive 
presentation of the many available index tests.  
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In economic approach, on the other hand, some economic theory, such as supply 
and demand equilibrium condition or a certain production function, is chosen as a 
starting point for the formulation and an index formulation that best approximates the 
reality is then pursued (Vartia 1976, p. 32–34). Samuelson and Swamy (1974) pre-
sented a strong case against the descriptive approach, arguing that in economic reali-
ty there cannot be a single index formula that is ideal for every situation. Cobb-
Douglass production function is used as an example, and a heterotheticity argument 
is made, arguing that the same parameters of the function will simply not fit to every 
entity or every situation neither for price and quantity nor for utility. In other words, 
the agents in the markets are not homogenous and as a result the level of quantity 
exchanged or produced will not only be dependent of the price rations, but other fac-
tors as well, such as available income and funding. As often in economics, the effi-
cient market theorem is also utilized in the economic approach and the price is as-
sumed to be exogenous variable when the quantity is the result of utility or profit 
maximization or cost minimization behavior. If simplified and illustrated again 
graphically, economic approach tries to define what kind of economic curves and 
functions are possibly linked to the two observation points seen in figure 3, and what 
is the index formula that corresponds to these realities and would then dictate how 
the area b should be divided. Vartia (1976, p. 32–40) defines economic indices 
through indifference curves but utility or demand functions could also be used. Eco-
nomic price index describes the price ration between two consumption points in a 
same indifference curve, whereas the economic quantity index represents the quanti-
ty ration of two parallel tangents drawn on to two different indifference curves in 
accordance with the selected price situation.  
 
Despite of Samuelson and Swamy’s (1974) arguments, homogenous functional 
forms are very common and often compulsory in economics because they simplify 
things for modelling purposes and Diewert (1976) refers to indices that approximate 
economic functions with homothetic assumptions as superlative. Diewert (1976) 
defines superlative indices as follows: “An aggregator form is said to be ‘flexible’ if 
it can provide a second order approximation to an arbitrary twice differentiable lin-
ear homogenous function. An index number functional form is said to be ‘superla-
tive’ if it is exact (i.e., consistent with) for a ‘flexible’ aggregator functional form.” 
In practice this means that exact indices can be derived from the flexible aggrega-
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tors, and these flexible indices are usually economic quadratic or translog functions 
that are able to take substitution into account in the framework of homothetic prefer-
ences. Interestingly some originally descriptive indices such as the Fisher’s Ideal and 
Walsh are superlative and they can be considered to qualify as economic indices as 
well. Also the Törnqvist index is superlative. As will be shown, due to the flexibility, 
these superlative indices are symmetric indices that do not favor prices or quantities 
in one period or over the ones in another, which means that they use of average 
weights. According to Diewert (1976) superlative indices should be favored in index 
calculation and the trend seems to have also gone that way. 
 
At the same time Diewert (1976) came up with a definition for superlative indices, 
Vartia (1976) introduced the concept of consistent aggregation and an index that 
satisfies the condition. “This requirement states that if one calculates the index for 
the larger aggregate in two steps, calculating first the indices for the subaggregates 
and then feeding these along with the value data of the subaggregates into the same 
formula, one must necessary get the same result as if one had calculated the index in 
one step” (Pursiainen 2005). Although, it was first presented more as an axiomatic or 
descriptive problem associated with the mathematical formulation of a desirable in-
dex formula, its definition has broaden since. According to the more broad definition 
by Pursiainen (2005), consistent aggregation should not only apply to the index for-
mula but to the overall principle of the index calculation. If we once again get back 
to figure 3 and to our problem of changing prices and quantities, anymore our prob-
lem is not only how we divide b correctly, but also how we decompose the aggregate 
value index formula V(             so that the appropriate price and quantity de-
composition indices would follow the same calculation principle as the aggregate 
index. In addition to the theoretical aspects of the issue, consistent aggregation is 
useful in practice because consistency can be linked to transparency and easy inter-






2.3.2 Indicators of change 
 
Since indices, and especially return indices, are all about measuring change between 
different periods, there are certain basics concepts about relative change that are es-
sential in the context of this thesis. Vartia (1976) presents three common ways to 
measure change between two observations. The most basic way to represent this 
change is to express it as the absolute change between the two observations. If     
and    are separate    observations in a sequence of numbers, then absolute change 
between those two can simply be defined as, 
 
                       (10) 
 
In addition to the numeric value of the change, the unit of measurement is crucial for 
this indicator of change. To be able on interpreter the change correctly, one must 
know whether the change is measured in dollars or in metric tonnes, for example. 
More sophisticated and most common way to measure change is the concept of rela-
tive change. The simplest and most intuitive way to express relative change can be 
written as follows, 
 
                  




The most important feature of relative change, and which separates it from absolute 
change, is that the change measure is no longer dependent of the unit of measurement 
because the change is expressed in relative terms and can be interpreted also as a 
percentage change when multiplied by hundred. Thus, the relative change passes the 
commensurability and proportionality tests. This can be proved as follows,  
 
 
     
  
 
       
   
 (12) 
 
where   > 0. Furthermore, due to this property, relative change is always a function 
of the       ratio. According to Vartia (1796) and Törnqvist et al. (1985) the most 
suitable indicator of relative change is, however, the logarithmic change, defined 
below as the natural logarithm of the       ratio. What is interesting is that (Vartia 
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1976) proved that logarithmic change is actually just a relative change where the 
logarithmic mean L is used as a base.  
 
 




     
        
 
               








Logarithmic mean can be a beneficial averaging method for indices because it pro-
duces balanced average that is not dependent of the relative scale of the numbers in 
the same fashion as arithmetic average is. Log-mean is higher than the geometric 
mean, although it is closer to it than it is to the arithmetic mean. For positive non-
equal numbers the relation between the different averages is √           
   
 
. Vartia (1976, p. 25) and Törnqvist et al. (1985) raise three main qualities that 
indicator of change should possess. The indicator should be normed, symmetric and 
additive. Logarithmic change is the only indicator that qualifies to all of them, which 
makes it the most suitable indicator of relative change (Vartia 1976, Törnqvist et al. 
1985). In below all the three qualities are explained in detail. 
 
First, Törnqvist et al. (1985) require that the indicator has to be normed. “To exclude 
the indicators that do not behave approximately as H1 (y/x) = (y - x)/x when y/x = 1, 
we further require that a useful indicator be a normed one.” To put the limit function 
presented in the original paper to prove this point into a simpler form, the ratio of the 
tested index and H1 has to be 1 when the x/y ratio approaches 1. Secondly, the indi-
cator of change has to be symmetric. In commonly used formula of relative change 
we see that changes measured from opposite directions or points of comparison are 
not equal. There exists asymmetricity in the formula which is stated below. 
 
 
     
  
  




Put in writing, if the value of a portfolio decreases 50 percent, it has to increase 100 
percent for investor to get even. Likewise, if pine log stumpage price is 50 euros per 
cubic meter and birch logs’ 40 euros, then it can either be said that pine logs are 25 
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percent more expensive than birch logs or that birch logs are 20 percent cheaper than 
pine logs. Now looking at the logarithmic change and assuming that       , we 
can say that the following applies. 
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With logarithmic change the ratio remains the same, and only thing that changes is 
the sign which indicates the direction of the change. In logarithmic scale, in the pre-
vious example the value of the portfolio decreases first ~69.3 %, or       
  
   
  log 
percent to be exact, and afterwards it has to increase the same amount to reach the 
starting value. The price difference between the two roundwood logs would be ~22.3 
log percent in both ways. This is only logical since the difference measured in abso-
lute values from 40 to 50 is the same as from 50 to 40. Fisher (1922) refers to the 
testing of this kind of symmetricity as the time reversal test. Third desirable quality 
of indicator of changes is that it is additive and possible to decompose. To illustrate 
the aspect, let’s continue with the portfolio example. In hypothetical scenario the 
value of a portfolio is observed at three points in time. The value of the portfolio at 
time   is 10.000 dollars and at the end of the next period     it has increased to 
11.000 and on the third observation at     the value quote is 12.100 dollars. Table 
1 present the differences in periodic changes and total changes according to the dif-
ferent methods. 
 
Table 1. The additivity of logarithmic change compared to normal relative change. 
             to     
Value $ 10.000 $ 11.000 $ 12.100 - 
Relative 
change 
- 10 % 10% 21% 
Logarithmic 
change 







What can be noticed from the table is certainly the difference in the actual percentage 
values due to the continuous time aspect of logarithmic change, but more importantly 
it can be perceived from this simple example that logarithmic changes are additive 
and the base year can be selected freely. Logarithmic change will therefore satisfy 
the circular test. The total return from   to     according to the relative change is 
21%, but as can be seen, the periodic changes add up only to 20%. Periodic loga-
rithmic changes can be added together to obtain the total changes during the entire 
observation period. It is noteworthy, that the same phenomena can be seen in the 
original example, where the value of the portfolio first decreases to half of its value 
and then recovers. The logarithmic changes would correctly add up to zero log per-
cent as a total change, whereas the relative changes would add up to 50 percent. Tak-
ing the symmetricity into the picture, it is possible to compare the values backwards 
if logarithmic changes are used. Similarly, additivity allows the decomposition and 
adding up of different change components, for example, in value indices. Following 
Törnqvist et al. (1985) example, if   is price and   is quantity, then following holds 
and Fisher’s (1922) factor reversal test is also satisfied. 
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All these features of logarithmic changes would be ideal to have in a return index. 
For example, quarterly returns could be added together to obtain the yearly returns 
and the aggregate returns could be broken down easily into separate contributing 
components. Symmetricity on the other hand would guarantee that the direction of 
the change does not affect the interpretation of the magnitude of the change. Problem 
with logarithmic percentages is that it is not as intuitive as normal percentage 
change, and when logarithmic change is converted to normal percentages with Eu-
ler’s number the two numbers do not match when the changes are large. Most im-







2.3.3 Classic index formulas  
 
The fundamental challenge in price and quantity index construction, discussed by 
Frisch (1936), has been the problem of using prices and quantities in a same equation 
when they are not of same unit of measurement and they both change over time. Yet, 
there is relatively sound argument to be made for the weighting and the presence of 
the other variable. There are several classic and well-known index formulas that need 
to be considered, as they are important examples of index weighting and formulation. 
Most of them are indices that measure the price or quantity ratio of a commodity 
basket and that is why they are often used to measure cost of living and commodity 
prices, and also why they are exposed to the index number problem. Here only the 
price indices of the formulas are presented. In our notation subscript 1 stands for cur-
rent period and 0 for base period. The base period can be the previous period or any 
period before that. If not indicated otherwise, capital letters are summations over the 
corresponding set of i observations.  
 
Starting from one of the oldest, the Lowe index weights the price ratios between this 
period and base period with period r quantities, when the r can be any period or even 
a hypothetical basket of goods (Lowe 1823). Lowe index is a fixed basket index, 
which is sometimes also called as pure price index (ILO 2004, p. 268). 
 
             
∑          
∑          
 (17) 
 
Maybe more intuitive and more widely used, Étienne Laspeyres’ price index formula 
is a weighted index that uses the base period’s quantities as weights for prices 
(Laspeyres 1871).  
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 (18) 
 
In other words, Laspeyres index measures how much more or less the base period’s 
basket of goods costs in this period compared to the base period. With similar struc-
ture to Laspeyres, the Paasche index, named after the German economist Hermann 
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Paasche’s formula measures what this period’s basket costs now compared to what it 
would have cost in base period. Laspeyres and Paasche indices are special cases of 
the Lowe index, which means that the reference period for weights is either this peri-
od or the base period. The indices can also be used as chained indices where the base 
period is always the last period, resulting in changing reference periods for weights. 
Laspeyres and Paasche are similar to each other and consequently they produce simi-
lar results, but there are a couple of differences that result from the different refer-
ence periods. Obviously, if the quantities remain the same between periods, then the 
result from both of the formulas will be the same. It has been proved by Frisch 
(1936) that in consumer price index calculations Laspeyres’ index tend to be up-
wards biased for price and quantity, whereas Paasche is downwards biased compared 
to the true economic reality. The bias is the result of consumer’s utility maximiza-
tion. If income remains constant, then consumers change their consuming choices 
when the prices change, switching from more expensive products to less expensive 
substitutes. This is called the substitution bias. 
 
Alfred Marshall (1887) and Francis Ysidro Edgeworth (1925a, p. 213) came both up 
with similar index formula, in which arithmetic means of quantities were used as 
weights. Intuitively, the average reduces the problem with changing quantities. 
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The use of arithmetic means was characteristic of Edgeworth’s (1925b) thinking and 
of the early stochastic approach to index formulation which is now mostly regarded 
as somewhat old fashioned (Samuelson and Swamy 1974). Stochastic school regard-
ed probability theory as important part of index formulation, since sampling and 
measuring and thus error is often present in index calculation process. Hence, an in-
dex value at certain point will likely not match the underlying reality with exact ac-
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curacy and it is more likely a random draw from a distribution, hopefully, centered 
around the true value in normal fashion. Edgeworth (1925b) argued that the use of 
averages will provide the needed stability among the possibly hundreds of different 
and perhaps erroneous variables in the index formula, and by averaging them, the 
end result would distribute more normally compared to the raw and sometime 
skewed observations. Although the use of average weights has its benefits, mostly 
for other reasons than just sampling, the Marshall-Edgeworth index has certain short-
comings. Most notably, the arithmetic averaging results in large numbers to dwarf 
the small ones if they are compared together (IMF 2004, p. 378). This makes the 
formula unreliable tool of comparison when substantial differences in quantities are 
present.  
 
The Walsh index, named after Correa Walsh, was an improvement to the Marshall-
Edgeworth index from descriptive perspective since it does not use the troublesome 
arithmetic averages but instead the more neutral geometric means (Walsh 1901).  
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The Walsh index was the first index that can be now regarded as superlative by 
Diewert (1976) and the benefits of the geometric mean were later discovered also by 
Irving Fisher. In his article and landmark book of index number theory Fisher (1921, 
1922), among numerous other indices, introduced the so called Fisher’s Ideal index 
which is in fact a geometric mean of Laspeyres’ and Paasche’s indices. 
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According to Fisher (1922, p. 220, 228) the index formula is ideal because it not only 
passes the two essential index tests, the time reversal and factor reversal tests, but 
numerous other tests as well. Actually, the Fisher’s Ideal has proven to be the king of 
descriptive indices, satisfying more index tests than any other index (Diewert 1992). 
The formula is also relatively simple to calculate today and Fisher (1922) proved that 
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by crossing these two indices the end product becomes so called cross formulated 
and the failures of different directions of the two indices tend to match each other, 
increasing the accuracy. This matching of Laspeyres and Paasche’s indices to obtain 
more accurate aggregate indices is an important finding as we will see in upcoming 
chapters. 
 
The so called Divisia Index was presented by French economist François Divisia in 
his essays in mid-twenties (Divisia 1925, 1926). Although the Divisia quantity index 
is maybe more utilized, for cohesion, next is the index written in a form of a price 
index, using the formulation of Hulten (1973). 
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The Divisia index is continuous linear integral function. In the formula    stands for 
the first derivative of price. The formula inside the parentheses yields the growth rate 
of prices, which is a summation of individual commodity price growth rates  
     
    
, 
weighted by the commodities’ shares of total basket value  
        
    
. The linear 
weighted growth rate function is then integrated from 0 to t, and as the last operation 
the index number that is calculate inside the braces, is transformed to more easily 
interpretable standard percentages. 
 
Divisia index’s logic is clearly bit different from the other indices, but it has a certain 
feature which has made quite popular among economist. Since the end product of the 
calculation done inside the parenthesis is actually the weighted growth rate which is 
then integrated, the index number itself is therefore in fundamental level dependent 
of the slope of the line. The line can be considered to illustrate the economic rela-
tionships behind the model, such as input-output relations in product function, and 
consequently the Divisia index is often used to measure productivity change (Richter 
1966, Jorgenson and Griliches 1967, Star and Hall 1976). In the quantity index the 
growth rate of price would simply be replaced with quantities. Richter (1966) rea-
soned that the Divisia Index is suitable index number formula because it is invariant. 
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The aggregate Divisia index is not tied to certain commodity or output-input basket 
weights over time which means that it handles the aggregation of change in con-
sumption or production patterns without restrictions if Divisia index is calculated 
separately for each commodity within the different commodity groups. In Richter’s 
(1966) example, if technology does not change, which means that that the relations in 
the underlying production function remain intact, but the input or output levels 
change, the index will still yield the same results as in previous the period. Jorgenson 
and Griliches (1967) put the same argument other way around and wrote that a high-
er growth in high quality products compared to low quality products should yield 
higher productivity growth figure in aggregate index level than an ordinary average 
or weighted indices would produce, which then leaves us with the Divisia index. 
However, Richter (1966) left the problem of path dependence in Divisia index un-
solved, which is a result from the linear integral nature of the index and one of the 
most serious flaws in the index. Later, Hulten (1973) partly solved by introducing 
three non-cycling conditions and proved that under these conditions the index is path 
independent and also invariant. Hulten (1973) refers to the path dependence as the 
tendency of the index to yield different results depending on path through which one 
arrives to the end condition. This means that by cycling the index back and forth the 
index number will increase or decrease artificially. This can happen, for example, 
when an economy or productivity first grows and then shrinks back the same level as 
before. Samuelson and Swamy (1974) made a remark that only in the case of homo-
thecity the Divisia index will truly be path independent, which is a key assumption in 
superlative indices. In the process of proving his point for non-cycling conditions to 
be valid, Hulten (1973) transforms the Divisia index in to its discrete form, which 
leads us to the Törnqvist index. 
 
After giving up gold standard in 1931, the Törnqvist index was the end result of the 
Bank of Finland’s quest to find a more suitable price index to measure changes in 
general price level, than the previously used weighted average (Törnqvist 1936). 
With Fisher’s Ideal index, the Törnqvist index is said to be the discrete approxima-
tion of Divisia’s continuous index (Star and Hall 1976). The discrete property is a 
very practical one since time series seldom are continuous, especially in economics. 
Even stock or currency quotes on a highly liquid market have trouble to satisfy the 
continuous condition, whereas biological growth as phenomena gets close to continu-
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ity. The difference between the Törnqvist and yet to be discussed Montgomery-
Vartia index and the previously presented indices, is that instead of measuring ratios 
the Törnqvist and Montgomery-Vartia indices approach the index construction prob-
lem from the perspective of difference. In the original paper Törnqvist index is pre-
sented as chain index and the logarithm of the index number in a given period is the 
sum of previous period’s logarithm index and weighted average of the logarithmic 
price relatives (Törnqvist 1936). A more practical and intuitive presentations of the 
formulation are presented below (Diewert 1976). 
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In the first formulation the index is defined as the logarithmic change which is 
weighted with the average consumption shares in the two periods. The second way to 
express the price index is the weighted geometric average of the price relatives. Be-
ing a chain index, one of its advantages is its ability to adjust weights from period to 
period since the base period is a rolling one. Much of the same points apply to 
Törnqvist index that do to Divisia, but in discrete time. Törnqvist quantity index is 
exact with translog aggregator function and thus superlative (Diewert 1976).  
 
In his own words, Stuvel (1957) stumbled on a new index formula while working 
with national accounts. The index formula carrying his name utilizes the differences 
of Laspeyres’ price (    and quantity (    indices, together with value relatives. 
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Most importantly, the index it is the only index together with Montgomery-Vartia 
that passes the time reversal and factor reversal tests while being consistent in aggre-
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gation (Vartia 1976, p. 90). The index model is based on additivity and an aggregate 
value change can only be obtained by adding up the Stuvel’s price and quantity com-
ponents. In other words, the decomposition formulas cannot be derived from a value 
index and hence only the separate price and quantity indices are consistent in aggre-
gation. Drawback of the index is also that the formula is far from intuitive and the 
resulting index number does not have a clear or unambiguous interpretation. The 
formula does not satisfy the linear homogeneity axiom that, for instance, superlative 
indices do and therefore the index number cannot be interpreted as a change in aver-
age prices which limits its usability (Balk 1996).  
 
In his doctoral dissertation of relative changes and index numbers Leo Törnqvist’s 
student Yrjö Vartia introduced the so-called Vartia I index which uses logarithmic 
means to weight the logarithmic change (Vartia 1976, p. 124). Although Vartia de-
rived the formula independently of others, it was later found out that John Montgom-
ery had proposed the same formula in his not well-known paper already in 1937 
(Montgomery 1937) and that is why the index formula is also known as Montgom-
ery-Vartia index. What is remarkable in the formula is its ability to be consistent in 
aggregation. This feature, advocated by Vartia, allows exact mathematical decompo-
sition of the index into sub-indices. Vartia defines consistency in aggregation as the 
ability of the index to be calculated with the same principle either from a sub set of 
indices or from the aggregate level, always arriving at the same index number re-
gardless of the stage from which the index is calculated (Vartia 1976). More im-
portantly, it can be shown that the beneficial logarithmic value change always de-
rives into Montgomery-Vartia type of index. 
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and because we have already shown that  (         )  
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  and by rearranging it 
can be expressed as            (         )  (
    
    
). Implementing this and by fur-
ther splitting the value into product of price and quantity, the original equation can be 
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Here we have decomposed separate Montgomery-Vartia price and quantity indices 
from the aggregate value change. What is different in Montgomery-Vartia index in 
addition to the logarithmic means themselves, is that in practice the weights do not 
add up to unity contrary to other indices. Although unity might be desirable, the cur-
rent formulation allows the index to pass factor and time reversal tests but more im-
portantly it guarantees the consistency in aggregation. The derived log-mean 
weighting treats both periods equally and it does not result in mixed weights even on 
further decompositions. 
 
If we look back at the history of indices we see that the development has proceeded 
from pure indices towards symmetric superlative indices. Despite of its logarithmic 
mean weights, the Montgomery-Vartia is only exact with Cobb-Douglas production 
function and is then said to be pseudo-superlative because it approximates the su-
perlative indices which then approximate each other closely (Diewert 1978). The 
other main difference between the Montgomery-Vartia and the superlative indices is 
that it is consistent in aggregation, whereas the superlative indices are only approxi-




2.4 Common timberland index types and their properties  
 
If sole timber price indices are excluded, there are basically two ways to construct a 
timberland return index in practice, one that is based on real properties, and one that 
is not (Binkley et al. 1996). A sample-based index is an index that relies on a prop-
erty sample and derives its values from those properties and is then fixed to track the 
returns of that sample. An example of this kind of index is the NCREIF Timberland 
Index. The other way is to construct a synthetic index that mimics the economics of 
timberland and yields return figures based on the changes in some driver variables, 
such as prices and costs. The John Hancock Timber Index is a typical synthetic in-
dex.  
 
In order to construct a return index based on real properties, it is obvious that one 
needs those real properties, in another word, a sample. With a property sample, the 
returns from timber sales during a period can easily be determined as the realized 
sales. In general, there are two ways to value the property for an index. Transaction-
based indices rely solely on realized transactions, however, often timberland proper-
ties do not change owner for long periods of time and thus they are not exposed to 
market valuation during every observation period. The issue is solved by making 
regular appraisal to value those properties that have not been part of a transaction. 
Usually indices are combinations of these two methods, since transactions are used 
whenever possible and appraisals are made to extent the valuation to the whole sam-
ple. Indices that are based, or mostly based, on appraisals are here called appraisal-
based indices.  
 
Transactions-based indices require volume in order to give a sufficient picture of the 
valuation. With volume usually comes liquidity. Sampling theory dictates that the 
more liquid the market, the more accurate are the prices. In this sense big sample can 
be seen as a good attribute. The more there are transactions the smaller is the contri-
bution and weight of one single transaction in the aggregate, and when normality is 
assumed, the closer the index is to the true average value. Fisher et al. (2007) note 
that liquidation in real estate varies systematically over time and, for example, the 
US real estate market is pro-cyclical, which means that in economic downturn the 
liquidity shrinks more and during booms it increases more, than the normal variation. 
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This trending can be assumed to be comparable to timberland markets due its simi-
larities with common real estate. This probably has an effect to the pricing process. 
 
One might not come to think of it, but a good example of transaction-based index is a 
stock index. Stocks are valued through transactions that take place in the market, 
instead of being based on analyst consensus appraisals. Usually stock markets are 
highly liquid and consequently the pricing process can be assumed to be efficient and 
illustrate relatively well the true market value of the asset.  
 
As said, appraisal-based index is as an index where the property values are mostly 
based on appraisals. Appraisals are typical solution when transactions are not able to 
provide big enough sample or all the properties in the sample have not been valued in 
the markets during the survey period. There exist some problems when these ap-
praisal-based values, produced with comparative sales approach, are being used. 
Much of these problems have to do with the very the nature of appraisal practices 
and with the fact that appraisals are conditional to human judgment and error. As 
discussed previously, theory dictates that any one price or value witnessed, whether 
it is an appraisal or transaction, can be seen as a random draw from distribution of 
possible values where the mean is the true value of the property (Geltner and Ling 
2006). The question is, whether the mean is actually the true value or not. 
 
Following Geltner and Ling (2006) rationale, if transaction values in a liquid market 
exhibit closely the market value and if a single transaction and market values are 
draws from probability distributions of possible values, then the means of these two 
distributions should be equal. Problems arise when appraisal values are used, since 
the mean might not be the same with the other two distributions. Dispersion of prop-
erty values across the mean is not a problem as long as the mean is the true market 
value and the distribution is not skewed. Problem with appraisals is that even if the 
process is assumed to be purely stochastic, the typical benefits of extending the sam-
ple might not apply and fix the bias in property value at aggregate level, because the 
individual appraisals simply might not be drawn from the same distribution, but from 





In addition to pure appraisal error of random sort, there are other sources of trouble 
that emerge from the methodology of appraisals. If appraisals are based on compara-
tive sales, it means that past transactions are used and thus they only provide a refer-
ence point from past. Timberland properties are not often similar to each other and 
one might need to go far back in time to gather big enough sample for the appraisal 
which will result in temporal lag bias in the appraised property value (Geltner and 
Ling 2006). Appraisers can do corrections to the estimates to take this rear-view mir-
ror effect in to account, but it is noticed that appraisals often tend lag behind the ac-
tual transaction values (Geltner 1991).  
 
Besides the lag itself, another bias resulting from appraisals and their lag, is called 
appraisal smoothing (Geltner and Miller 2007 p.669). Reason for smoothing is the 
comparable sales that occurred in the past, and in different points of time in the past. 
If looking the situation at a single property level the appraisal value, at least to some 
extent, is actually a weighted average of the past transaction values. Appraisals might 
naturally weight more those transactions that have happened in recent past over those 
that have happened in distant, but nevertheless the appraisals are backward-looking. 
When one derives an index from these appraisals, it will result to an index that is 
actually a moving average of the values of the properties. Smoothing has two conse-
quences, the moving average feature reduces the volatility of the index and the lag 
reduces the beta of the series when compared to non-lagged market indices. As a 
product of these two, an appraisal-based index might give a too rosy appearance of 
the returns and their volatility and hence mislead investors.  
 
Even if all the appraisals are made correctly to true value, the problem of smoothing 
is still present in index level if the appraisals used are made in different points in 
time (Geltner 1991). Appraisals cost money and often properties are appraised only 
once a year, but indices such as NCREIF Timberland Index reports returns quarterly, 
which means that the property values used to calculate the return figures are not all 
appraised in that period but in one of the previous ones. These are so called stale 
appraisals. Problem of the stale appraisal will contribute to the lag and smoothing 
and gain foothold if one has to extend the search far back to gather a sample big 
enough (Aronow et al. 2004). The problem is present in transaction-based indices as 
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well; if there are not enough transactions taking place in the survey period, one has to 
go back in time to find them.  
 
In this thesis a synthetic index is thought to be an index that is based mainly on 
mathematical estimation rather than deriving its input data from some real underlying 
timberland assets (Conroy and Miles 1989). Even though synthetic indices cannot be 
traced down to property level, the results they produce are still dependent of the 
changes in that environment. Some of the variables for these indices, such as timber 
prices, are obtained from the markets but there remain some variables that are esti-
mated. These are variables such as growth and volumes which can be obtained from 
growth models, for example. Due to their synthetic nature, they also give an oppor-
tunity to adjust the forest types and age-class distributions freely. Synthetic indices 
make it possible to track some ideal or desirable condition that might not occur in 
large enough scale in reality to be able to form a representative sample. One of these 
conditions can be a fully-regulated forest. In addition, these ideal models might be 
valuable for wider audience and purposes. Synthetic indices are also often the only 
option when data is of a limited commodity (Binkley et al. 1996, Hancock Timber 
Resource Group. 2003b). Their biggest downside is that they are frequently only 





3. TIMBERLAND RETURN INDICES 
 
 
3.1 Timberland indices in literature 
 
Before more widely used and recognized indices were introduced and established, 
there were some studies where timberland return series had been constructed and 
used for the purposes of a single paper and its research question. Redmond and Cub-
bage (1988) made portfolio optimization calculations using North-American stump-
age price return indices from 1951 to 1985. The prices were expected to proxy the 
timberland returns and all major price classes were considered. Zinkhan (1988) used 
synthetic return index called Southern Timberland Index Fund, developed by timber-
land investment firm. The index fund tracked hypothetical southern pine plantations 
from 1956 to 1986, but unfortunately not much more information is available of the 
fund and its methodology. Conroy and Miles (1989) produced synthetics timberland 
returns based on the idea of fully-regulated forest. Average timber prices across the 
US regions from 1976 to 1986 were used to illustrate that the holdings were distrib-
uted evenly between the different regions. Fire and insect losses were taken into cal-
culation by subtracting their share from the volume growth. The model also included 
thinning and land value. Values of agricultural lands, obtained from the US officials, 
were used but corrected downwards to take the lower-priced nature of timberland 
into account. Yearly prices were available, but they were smoothed to obtain quarter-
ly data. The most important and meaningful variable, the biological growth, was pro-
duced by using a computer model. With these setups different optimal rotations and 
return series were tested. Washburn and Binkely (1990) used stumpage prices as the 
proxy for timberland return. They also highlighted the theoretical problem of price 
selection and the use average price during a period compared to the end of the period 
prices. 
 
Caulfield (1994, 1998b) and Zinkhan and Mitchell (1990) list some desirable fea-







According to Caulfield (1994 and 1998b) 
 Institutions prefer an index that is based on real timberland properties  
 Index should be weighted by asset value 
 The property sample should be as large as possible 
 It should have sufficient historical record 
 Is should be reproducible using public data 
 It should be disaggregated in the sub-indices 
 Should be calculable over short time 
 
Zinkhan and Mitchell (1990) also mentioned that an index should include sub-indices 
and should the index be based on appraisal data, the sample should be large. In addi-
tion they noted that a separation between softwood and hardwood would be useful. 
In the rest of this chapter some of the existing timberland return indices are presented 
and it is shown how they approach and try to solve, or sometimes even ignore, the 
problems and challenges of index construction.  
 
3.2 NCREIF Timberland Index 
 
The NCREIF Timberland Index (TI) is published by National Council of Real Estate 
Investment Fiduciaries and it can be seen as the leading timberland return index in 
US. According to NCREIF (2012c) “NCREIF is a not-for-profit trade association 
that serves its membership, and the academic and investment community's need for 
improved commercial real estate data, performance measurement, investment analy-
sis, information standards, education, and peer group interaction…” The index was 
first published in late 1994 and it reaches back to 1987, a year defined by the availa-
bility of past data. The development of the index was joint-effort by Hancock Timber 
Resources Group, Forest Investment Associates, Prudential Timber Investments, 
NCREIF and Frank Russell Company (Hancock Timber Resources Group 2003).  
 
The Index aims to track the returns of large pool of US-based investment-grade tim-
berlands owned by tax-exempt institutions. The fundamental idea behind the compo-
sition of the NCREIF Timberland Index is that timberland investment managers con-
tribute property return data to NCREIF, which then calculates the aggregate index 
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(NCREIF 2012a). Based on official reporting by NCREIF (2012b), in October 2012 
the index consisted of 399 properties, of which 300 properties were located in US 
South, 64 in the Pacific Northwest and 20 in the Northeast. The combined value of 
the properties in the index was over 23 billion US dollars. In addition to the national 
index, returns are also reported quarterly in the three regional sublevels if the re-
quirement of three data contributors per region is achieved. Due the small size of 
sample, Northeast region is only reported since the first quarter of 1994 (Newell and 
Eves 2009). 
 
As for the qualifications of individual property, the guidelines of the index (NCREIF 
2012a) require that any property in it must be owned at least eighty percent in a fee 
simple fashion and therefore the index does not report leased properties to a great 
extent. The timberland property must be owned at least partly on behalf of an institu-
tional investor. The property can be leveraged, but the effects of leverage are elimi-
nated from the index by reporting unlevered returns. It is also required that the prop-
erty is managed in fiduciary manner, which can be expected to result in professional 
timberland management practices. The value of every property in the index must be 
assessed in every quarter and appraised or marked-to-market at least once every three 
years by outside appraiser.  
 
The index formula of the Timberland Index is based on the formula of NCREIF 
Commercial Property Index and like its sibling the total return in Timberland Index 
is the combination of income return and capital return. The two components are also 
reported separately. Following the presentations of the NCREIF (2012a) and Han-
cock Timber Resource Group (2003a) the index equations are as follows. 
 
               
        
                               
 (29) 
 
                
                     
                               
 (30) 
 
         stands fort earnings before interest, taxes, depreciations, depletions and 
amortizations, which is basically the operating revue resulting mostly from timber 
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sales, but it can also include some smaller revenue streams such as sales of hunting 
leases. EBITDDA is reported as gross of management and fund-level fees.    is the 
market value of the property at the end of quarter t.     is the capital improvements 
during the period, such as regeneration and trench construction.     represents pro-
ceeds from partial sales of land and     the costs from partial purchases. The return 
of a single property is weighted by its market value. 
 
When interpreting the equations, it can be seen that in both cases the denominator 
expresses the value of the timberland property in the end of the last period taking into 
account the effects of investments made into the timberland, the changes in the forest 
land and the drain of capital that has been realized through timber sales during the 
period. The coefficient of 0.5 illustrates the Dietz (1966) method’s assumption that 
capital improvements, sales, purchases and proceeds occur in the middle of the peri-
od (NCREIF 2012a). The income return component is quite intuitive. Earnings 
through timber sales during the period are a proportion of the value of the timberland 
property at the end of last period. In capital return equation the numerator simply 
illustrates the increment or reduction in the value of the property during the period t, 
which is then put in proportion with the value of the property at end of the last peri-
od.  
 
Overall it seems that the paper by Zinkhan and Mitchell (1990) can be considered as 
a ground work for the development of the NCREIF Timberland Index. The index 
follows the recommendation of the research quite accurately. The NCREIF has been 
widely used in research to compare and benchmark timberland investments with oth-
er asset classes. One of the reasons for this might be that there are currently no real 
alternative to track US investment-grade timberland returns with such as large cover-
age. Unlike synthetic indices, NCREIF Timber Index is based on real timber proper-
ties and thus the return and values derive from real world timber investments and not 
from a synthetic model. Resulting from this real world connection and formulation, 
the proceeds from sales of so called lands of higher or better use (HBU) and other 
irregular revenues will be also captured by the index (Cascio and Clutter 2008).  
 
Various researches have pointed out some weaknesses in the NCREIF Timberland 
Index as a measure of timberland returns. Early on Giliberto (1988) and Geltner 
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(1989) noted that the real estate index, Frank Russell Company Index, a paragon for 
NCREIF TI, suffers from appraisal biases due to its formulation. Binkley et al. 
(1996) made the remark about the possible appraisal smoothing bias in the index 
which is expected to lead to less volatile and lagged price movements and smoother 
return series. Scholtens and Spierdijk (2010) considered the appraisal smoothing bias 
so severe that they tried to correct it by artificially increasing the volatility of the 
index and received less flattering results regarding the benefits of timberland invest-
ments. More troubles are caused by the density of appraisals. Most of the properties 
are appraised at the end of the fourth quarter, decreasing the usefulness of the quar-
terly return figures and making the annual returns the most valid (Hancock Timber 
Resource Group 2003a). Supporting this view, Lutz (2008) reported that the contri-
bution of the fourth quarter to total appreciation returns have steadily increased. Be-
tween years 2007–2010 fourth quarter contributed 65 percentages of the total appre-
ciation returns, whereas the other three quarter contributed 10 percentages each on 
average. In 1990–1995 fourth quarter contributed 55 and between years 1987–2007 
over 40 percentages. Lutz (2008) concludes that the annual appraisals create facti-
tious fluctuations into the quarterly appreciation series. 
 
Aronow et al. (2004) mentioned the problem originating from the change of proper-
ties within the pool. Due to the nature of the index, it is inevitable that the mixture of 
properties in the index will change over time, when old properties are sold and new 
ones bought, making it hard to know whether a change in income or capital return 
and value is a results from a change in fundaments or just a change in the distribu-
tions of the timberland characteristic. Because older forests tend to contribute more 
on the income component, whereas younger forests appreciate more, one suggestion 
to fix this problem of inference is to utilize the fully-regulated forest concept where 
the proportion of forest in every age-classes is equal (Aronow et al. 2004 and Bin-
kley et al. 2006). Aronow et al. (2004) tried to solve the problem of the non-
regulated forest returns of NCREIF TI by converting the NCREIF TI returns to fully-
regulated form. They took the total returns as given, and estimated income returns 
from a fully-regulated forest and assumed that the rest of the return would be con-




In addition to fees, due the formulation, the index neither includes the cash reserves 
and other inefficiencies of the managers, which then means that the index does not 
represent the return that an institutional investor would actually receive from the 
fund, but more like the pure investment performance of the timberland investment 
industry sample. To tackle these issues, NCREIF introduced the NCREIF Timber 
Fund and Separate Account Index (TFSAI) in 2012.  
 
The index policy of TFSAI (NCREIF 2012d) dictates that, instead of combining re-
turns on the basis of property by property, the index is calculated by merging the 
time-weighted returns of 98 timber funds and separate accounts reported by manag-
ers. The return figure of a single fund or account is weighted with its equity value, 
hence, acknowledging the leverage. The quarterly, annual and annualized pre-tax 
returns are reported in gross and net terms. The index does not set limitation to the 
regional allocation of a single fund but eighty five percent of net asset value must be 
located in US, also eighty percent of net assets of a single fund must be invested into 
timber, timberland, and cash equivalents.  
 
As the name of the index states, it aims to capture the returns an institutional investor 
could receive. In institutional portfolio optimization the net return is more suitable 
figure since the fees will lower the returns of the investment the investor would even-
tually receive. On the other hand the original NCREIF Timberland Index has its pur-
pose because the fund-level fees will distort the returns, and thus might not give a 
right picture about the profitability of timberland investing in ground level. The In-
ternational Woodland Company (IWC) (2012) reported some discontinuities in the 
returns of NCREIF TFSAI and Timberland Index, when despite of the different 
structures the returns of the two indices should follow each other. Not all of the dif-
ferences could be explained, but some of them might be caused by the appreciation 
practices used by NCREIF in the calculation of Timberland Index. Therefore IWC 
offered a modification for the capital return formula, initially made by Regions Tim-
berland Group. The suggestion for the new capital return component is presented 
next.  
 
                
         




According to IWC (2012), this formulation would not overstate the appreciation after 
property sale the same way the current formula does. One of the weaknesses of the 
suggestion seems to be that that any improvements made into the land cannot be cap-
tured by the formula and as a result, capital returns can be levered by increasing capi-
tal improvements. Capital improvements would still be part of the income return 
formula, but not all capital improvement result only as an increase in timber sales, 
but some of them, like road construction, increase the value of the property. Also the 
land sales and purchases do not show in the equation but they are still included in 
income return. This does not change the fact that the capital return formula does not 
tell if a change in market value is a result of a change in the land area and its compo-
sition or change in views how markets value the future cash flows of timberland.  
IWC (2012) notes, that some of the differences between the two indices may disap-
pear when possible errors of the past data are corrected before the TFSAI is locked in 
2013. 
 
3.3 John Hancock Timber Index 
 
The John Hancock Timber Index (JHTI) is a synthetic index constructed by John 
Hancock Timber Resource Group to express the returns from timberlands before the 
year 1987, from which on the NCREIF Timberland Index starts to report returns 
(Binkley et al 2006). Even to build a relatively simple index, such as the NCREIF 
Timberland Index, one needs quite specific and exact data about the investment per-
formance of the fiduciary managed investment-grade timberlands. Unfortunately 
such data from investors have become available only recently since timberland in-
vesting is quite young industry. Partly for this reason, there exist a demand for syn-
thetics indices such as the John Hancock Timber Index. The John Hancock Timber 
Index has couple key features and characteristics which can be interpreted through 
looking at the equation, which is provided next (Hancock Timber Resource Group 
2003b). 
 
                 
                          
                




Firstly, according to Hancock Timber Resource Group (2003b) the equation repre-
sents the returns from a fully-regulated forest. Having equal amount of forest in eve-
ry age-classe, the growth of the timber stock and the harvests are constant. Secondly, 
the formula assumes that the costs are a relative proportion of the forest value and 
can be incorporated into the income rate coefficient. JHTI defines the net income as a 
function of income rate and price, presented in equation 33. Income rate is an esti-
mate of the average cash flow from forest in relation to the asset value which is rep-
resented by the price   .  
 
 
The Income rate is estimated using historical data of the relationship and is essential 
for the result of the entire John Hancock Timber Index equation or as Hancock Tim-
ber Resource Group (2003b) puts it “The choice of income rate has a direct influ-
ence on the level of historical timberland return estimates produced by the John 
Hancock Timber Index. Its specification is a matter of informed judgment.”  Thirdly, 
it assumes that the value of timberland and stand are only dependent of timber prices. 
In financial theory it is widely recognized that the value of the asset equals the dis-
counted net cash flow it produce to its holder. By using this formula the JHTI rea-
sons that the value of timberland and growing stock follow the witnessed timber 
prices which means that future price expectations are assumed to be based on current 
and past prices. The capital value in equation 34 is weighted average price of the past 
eight periods, while the weights decrease when moving further back in time. 
 
 
              
    





Price variable   , which is an important factor in the equation and proxy for timber-
land value, is a weighted average price of the different timber assortments and spe-
cies. This practice obviously tries to take into account the regional distribution of 
timber assortments and species. The JHTI is clearly a simplified and static model 
constructed to express returns in situations of scarce data.  
                            (33) 
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3.4 Timberland Performance Index 
 
Timberland Performance Index (TPI) was an index that tracked timberland fund per-
formance. It did not track returns of timberlands investments directly instead it 
tracked the returns of US-based funds that owned timberland (Caulfield 1994). In 
this sense Timberland performance index is a bit misleading name and a more suita-
ble name for the index would probably be Timberland Fund Performance Index. The 
TPI was started in 1994 by Wanchovia that compiled and published the index, but 
later the maintenance of the index was adopted by Warnell School of Forest Re-
sources at University of Georgia (Strong 2009).  
 
The index was based on public return figure reported by the funds to Real Estate 
Profiles, a publication published by Evaluation Associates. Due to new arrivals into 
timberland investing that did not report their fund returns to Real Estate Profiles, in 
1992 the index’s coverage of US timberland fund assets dropped from 100% to 25% 
(Caulfield 1994). Only a little of information of the index is available. Lutz (2002) 
mentions that “The TPI published returns for 1981 through 1999” and Cascio and 
Clutter (2008) referred to the index as “now-defunct”, consequently it can be con-
cluded that the index is no more. 
 
According to Caulfield (1994) the aggregate index returns are calculated as weighted 
averages of single fund returns which are reported quarterly. The return figure is a 
result of the changes in fund values and hence the index is not able to make distinc-
tion between income and appreciation component, because they are both wrapped 
into the same figure. Because the index in a composition of separate fund returns, it 
is possible to break it into single fund return figures. The index value is calculated at 
period i as follows (Caulfield 1998b). 
 
             
 
    
∑        
 
   
  (35) 
 
     is the value of the fund in period i,     the change in value of timberland fund j 
from period i-1 to i.      is the dollar value of the fund in i-1 and      is the dollar 
value of all the funds in i-1. Caulfield (1994) mentions that the biggest downside of 
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the index is that it cannot be broke in to sub-regional indices, since funds report total 
returns of their diversified portfolios and hence only the aggregate return is available. 
It could also be added, that the inability to track income and appreciation returns sep-
arately is a shortcoming for the index. Like NCREIF Timber Fund and Separate Ac-
counts Index the return figure produced by the TPI formula will contain cash and 
non-timberland assets held by the funds which will then disguise the real timberland 
returns beneath. It could be argued that due to the index formulation, the index could 
serve as a fund benchmark index rather than as a timberland performance measure 
per se. 
 
3.5 Investment return of the Finnish private forests 
 
The Finnish Forest Research Institute (Metla) reports yearly timber production re-
turns from Finnish non-industrial private forests (NIPF). The investment returns of 
timber production are based on national forestry statistics and the record goes back to 
1972 in national level and in regional to 1996 (Finnish Forest Research Institute 
2012). The model relies heavily on statistical data and the return components are 
calculated from statistics collected by Metla. The index formula used to produce the 
return series includes the typical timberland return components and it is presented in 
detail in an article published by Penttinen and Lausti (2004). The aggregate return 
formula of the Metla index is presented below. 
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) (36) 
 
In the equation 36, subscript a denotes the roundwood assortment and y the year. P is 
price, V is the round wood volume and I is the gross increment of round wood type a. 
F is the fellings of roundwood during the year y and C is improvement costs resulting 
from forestry subtracted with state subsidies. The first summation in the numerator is 
the change in the value of the timber stock across the different assortments, whereas 
the second is the proceeds from harvests deducted with the net costs. In the denomi-
nator is the liquidation value of the timber stock at the end of last period, y-1. The 
natural logarithm makes the return figures produced by the equation continuous in 
time and additive. In addition to the total return, Metla also reports all the decompo-
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nents separately following the decomposition by Penttinen and Lausti (2004) which 
makes it easy to compare the contributions of different return components. The de-
composition into return components of price change (     ), timber sales (     ), vol-
ume change (     ) and net costs (     ) is as follows. 
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The total return can also be written and reported as the sum of its parts, 
 
                              (42) 
                                    (43) 
 
According to the Finnish Forest Research Institute (2012) average yearly prices are 
used in the calculation of the index, whereas end of the year prices are utilized when 
timberlands returns are compared to other assets classes in order to make the compar-
ison meaningful. Fellings consist of the timber felled for industrial, private and ex-
port purposes during the year, whereas values for costs and subsidies are based on 
observed historical statistics. The volume of standing timber and its increment and 
assortment distributions are estimates based on interpolations, which are made possi-
55 
 
ble by the long history of regular and profound forest inventories of the Finnish na-
tional forest resources (Finnish Forest Research Institute 2012). 
 
What can be noticed from the equation is the absence of bare land value. Penttinen 
and Lausti (2004) argue that the bare land value in mature forests would be smaller 
compared to the cutting value of the forest, and as a result it can be left out from the 
equation. Bare land value and standing timber stock value are not mutually exclu-
sive, and so the reason given to leave the bare value out seems odd. Inclusion of the 
bare land value and timber stock holding value to the equation can be assumed to 
inevitably increase the denominator and it would then result in lower returns due to 
the increase in capital employed. The use of liquidation value understates the value 
of the property, and thus the formula might overstate the returns from timber sales, 
which are the only returns that should be valued entirely at liquidation value. There 
might also be a problem with overstated cost returns, due to the fact that costs are 
divided by the timber stock. In other return components, in which property’s liquida-
tion values are present in both, the numerator and the denominator, the error is prob-
ably eliminated or has minor effect if the error in the liquidation value compared to 
holding value can be assumed to be of same magnitude and sign between different 
periods. It should be remembered that even though holding value might be theoreti-
cally more adequate method to value a property, it also forces one to make rather 
daring assumptions regarding the future developments and therefore it might not al-
ways the best option. 
 
An important remark is that the non-industrial private forest statistics that are used as 
the base for the return series include all sorts of forests, which means that not all of 
the forests contributing to the series are managed in an efficient way. Some of the 
forests in the series might be, but certainly not all, which will introduce some slack in 
the return and make it possibly downward biased if compared to average forests that 
are managed in profit-maximizing fashion. The returns reported by Metla should be 
treated as the average returns of Finnish national timber production and not mixed up 






3.6 Problems with the current index formulas 
 
The NCREIF indices and the John Hancock Timberland index seem to follow the 
same principle as Metla index, but from the reviewed indices the Metla index is the 
most sophisticated and unfortunately the only one that actually calculates timberland 
returns with index formula transparent enough. That is why it is a suitable and also 
easy target for comparison and to highlight the formulation problems. If we now take 
the Metla formula by Penttinen and Lausti (2004), presented in chapter 3.5, under the 
scope for more profound consideration and look into its decompositions we will find 
something interesting. First the aggregate index formula is written in the same nota-
tion that was used in the presentation of classic index formulas and it is then reduced 
down to the simplest form possible.  
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For clarification, variable     
  equals the hypothetical gross timber stock of timber 
assortment i at the end of the period 1 according to the utilized growth model.  
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The intricate-looking formula reduces into rather neat form. Following Diewert 
(2005) it can be proved that the fundamental value change the Metla’s traditional 
aggregate index equation is measuring can be split into Paasche’s price and 
Laspeyres’ quantity change components.  
 
         
               
 (         )           
        (46) 
 
Or into Laspeyres’ price and Paasche’s quantity change components, which is the 
practice used by Penttinen and Lausti (2004).  
 
         
               (         )           
        (47) 
 
If we now go a bit further and write the 46 in logarithms, and remembering that at 
index level the ratios are weighted with corresponding value shares (ILO 2004, p. 3), 
we obtain the relative changes instead of the absolutes and the original equation de-
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Here we have the separate additive price, quantity and cost indices derived from the 
aggregate index. The aggregate could also be split into logarithmic Laspeyres’ price 
and logarithmic Paasche’s quantity indices following equation 47. Let’s ignore the 
apparent weighting problem in the individual indices for a while and concentrate on 
consistency next. Returning to the official decomposition of the Metla index present-
ed by Penttinen and Lausti (2004) and after changing the decomposition indices into 
our notation, we can see from equation 50 that the aggregate index is decided to be 
decomposed into Laspeyres’ price index.  
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Because Laspeyres and Paasche are biased in different directions the price and quan-
tity weights have to be the opposites of each other for the center of gravity at the ag-
gregate level to remain intact and unbiased (Vartia and Vartia 1984). The selection of 
Laspeyres’ price index in the official Metla decomposition means that all the sepa-
rate quantity indices are calculated with Paasche instead of Laspeyres. Earlier, in 
equation 49 we derived the price index differently from aggregate level and we chose 
to use the Paasche’s price index and therefore Laspeyres’ quantity indices. Of the 
official quantity indices, first is the gross increment or volume index, 
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and then its two decompositions.  
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Only the lump sum cost index is the same and matches its counterpart. 
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If we look at the exact summation of the Metla index presented by Penttinen and 
Lausti (2004) shown in equation 42, we see again that due to the inconsistency in 
aggregation the order of Laspeyres and Paasche indices is really the opposite to the 
same summation derived differently from the aggregate in equation 49. As already 
mentioned, due to the cross formulation, the equations 42 and 49 yield the same re-
sult. This illustrates clearly that either way the index is decomposed, the model by 
Penttinen and Lausti (2004) and utilized by the Finnish Forest Research Institute is 
not consistent in aggregation. Price is weighted either with current period’s or last 
period’s value shares while the quantity is weighted with previous period’s or current 
period’s shares. Another problem is that, even though Laspeyres’ and Paasche’s indi-
ces are consistent in aggregation, the most useful decomposition of the Metla index 
presented in equations 43 does not add up exactly to the aggregate index, because 
    
  cannot be decomposed correctly as illustrated below.  
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The lack of consistency in aggregation means that calculation of both, the aggregate 
index and then the decomposition indices, is not consistent in the light of index theo-
ry. The aggregate is calculated differently than the separate decomposition indices, 
even though some of the decompositions might add up to the aggregate as the equa-
tion 42 shows.  
 
No matter what decompositions one looks into, the ones show in equation 49 or the 
official ones by Penttinen and Lausti (2004), in addition to the inconsistency, the 
weighting problem in the Metla index is obvious. Firstly, the weighting changes be-
tween different decompositions and as we know, Laspeyres and Paasche indices pro-
duce different results (Frisch 1936), so it is a matter of importance with which for-
mula the decomponents are calculated and presented. The official price and quantity 
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indices simply do not match their counterparts that are derived differently from the 
aggregate formula. Secondly, it is often simply impossible to justify why one should 
prefer one period over another in weighting.  
 
On practicalities about the published index, it looks like the official index returns, 
available at MetINFO (Finnish Forest Research Institute 2013a), are reported in loga-
rithmic percentages and not transformed to standard percentages because the returns 
seem to be additive if one ignores the small rounding errors. Although log-
percentages are additive, as mentioned earlier, problem is that the log-percentages 
are not as intuitive and they differ from standard percentages when the returns are 
large, as they often are. The transformation should be safe because all the benefits of 
the logarithms are already achieved when the index is calculated as log-change and 
the only thing that is lost due to the transformation to standard percentages is the 
additivity. 
 
3.7 Additional remarks regarding current timberland return indices 
 
In addition to the actual index formula, there exist other factors as well that can af-
fect the index number and its feasibility – the index construction principles. Problem 
with some of the indices is the skewed forest distributions which make it hard to reli-
ably interpret the return figures, since it is not clear which return components and 
drivers have truly contributed to the index number. In sample-based indices the bal-
ance or distribution of the index is essentially depends on the investment strategy 
implemented by the data contributors and the distribution of the forestry data that is 
used as input for the index formula. To take NCREIF TI as an example, and assum-
ing that the timberland holdings of the timberland investment industry as a whole are 
somewhat evenly distributed and not biased towards certain investment strategies 
and age and class distributions, the index will also converge into that more evenly 
distributed allocation when more properties are added to the index. Obviously if this 
is not the case, then the enlargement of the sample will not fix the problem of skewed 
distributions. According to Markowitz (1954) the total risk and return of a portfolio 
is dependent on the diversification of the assets within the portfolio. In this light the 
sample-based indices can only be fully utilized when the benchmark portfolio uses 
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the same allocation and therefore has the same risk and expected return characteris-
tics as the index itself. 
 
Fully-regulated forest provides stability for the index because the volumes remain the 
same over time. It also makes it possible to filter out the noise in the index that 
comes from the change of standing stock or harvests, which can be a problem in 
sample based indices. Aronow et al. (2003) and Binkley et al. (2006) also recognize 
the benefits of fully-regulated forests as the base of an index. Index based on fully-
regulated forests can be regarded as neutral approach and it does not favor any in-
vestment style over other. It then can be assumed to be suitable benchmark for inves-
tors with diverse preferences and desires. This kind of exact balance might be easier 
to achieve in theoretical models and in synthetic indices, such as the John Hancock 
Index, than in real world portfolios. 
 
Typical characteristic of sample-based indices is that they do not necessarily track 
the returns of common timberlands. For example, the NCREIF TI or Timberland 
Performance Index track the returns of professional and institutionalized timberland 
investing. In timberland investing the returns are also generated by other activities 
than pure forestry. Investors can speculate with the asset and implement different 
investment strategies to concentrate only on to certain types of forests. Some of the 
profits can be also received from one of a kind opportunity such as HBU sales or 
gained by exploiting the economies of scale, which are practices that do not fit into 
the picture with common forestry. Also statistical indices, such as the investment 
return index published by the Finnish Forest Research Institute, are prisoners of the 
underlying forest asset and its silvicultural activity. Although synthetic indices have 
problems with irregular returns or other factors that are hard to quantify, a fully-
regulated forest is very valid approach to control the distribution and to generate 
clean and transparent returns. Obviously the most suitable approach depends on the 
desired goal of the index in question. 
 
In timberland valuation appraises have certain problems, as indicated previously. 
From purely theoretical perspective the net present value is more accurate way to 
value the forest assets compared to liquidation value which is often used in practice. 
Net present value, however, requires one to select a suitable interest rate and to make 
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other assumptions regarding the future, which sometimes can be a problem and a 
source of uncertainty. The value of harvest income can simply be calculated as vol-
ume multiplied by the price and it seems like rather rigorous method. That said it 
looks like price selection poses a problem also in timberland index construction. The 
use of averages does not do justice to other assets if they are valued with the end of 
the period prices. End of the period prices on the contrary do not fit well into the 
logic of forestry. Price is an important driver of timberland returns which means that 




4. METHODOLOGY AND APPLICATIONS TO INDEX FORMULATION 
 
 
4.1 Proposition for a timberland return index formula  
 
Apparently, we are forced to consider other index formulas in order to solve some of 
the index number problems that emerged in chapter 3.6 where we investigated the 
traditional timberland return index formulas. Consistent aggregation is a very desira-
ble property for index to have in timberland return measurement where decomposi-
tions are often utilized and highly valued in practice. Also it looks like superlative 
indices should be preferred. If we continue where we left when discussing the Mont-
gomery-Vartia index in chapter 2.3.3, we see that we can apply the index formula 
also to timberland returns. Although the Montgomery-Vartia Index is only pseudo-
superlative, its ability to be consistent in aggregation is a unique property and very 
desirable for our purposes. Truly superlative indices on the other hand are not con-
sistent in aggregation, which means that we have to exclude them (Diewert 1978). In 
addition to Montgomery-Vartia, the Stuvel’s index formula is also consistent in ag-
gregation but it is not suitable for us for couple of reasons: it is not even pseudo-
superlative, it has intricate index formula that does not have a meaningful interpreta-
tion and like Fisher’s Ideal it lacks an actual value index formula and therefore addi-
tive decompositions need be used in order to obtain Stuvel’s aggregate value index. 
So we really are left with the Montgomery-Vartia. Below, in equation 56 is the ag-
gregate total return index for timberland written in the Montgomery-Vartia form.  
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Again,     
  equals the hypothetical gross timber stock of timber assortment i at the 
end of the period 1 according to the utilized growth model. In the formula the costs 
are assumed to be a lump sum such as in the Metla index. As we have seen in previ-
ous chapters, it is practical to separate the aggregate timberland return into different 
return components. This is when the consistency in aggregation becomes useful. 
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First, we can separate the total return index into price and volume indices in same 
manner as was seen previously. 
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The volume index consists of biological gross growth, but because part of that 
growth is harvested we should further separate the biological gross growth into net 
growth and harvest return. As we know, biological net growth accounts for the 
change in timber stock between two periods. 
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Problem with returns indices is that there often exist components that do not have 
counterpart in the base period and that their weighting might differ from the rest of 
the index. The easiest way to express the harvest return is to define it as the differ-
ence between the volume index and the growth index. 
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By expressing harvest return as the difference between the two indices we are able to 
avoid the possible weighting problem that would arise when the timber assortment 
proportions of the harvests differ from the timber stock proportions. If the distribu-
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tions would differ, then the timber stock and harvest values cannot be used together 
to weight the harvest quantities. On the other hand, due to the nature of return index 
the harvests are not present in the base period values which would make it impossi-
ble to weight them without the timber stock. For these reasons we would face a 
weighting problem should we try to separate the harvest index into its own decom-
ponent index formula. 
 
Calculating timberland returns with Montgomery-Vartia index we will benefit from 
its favorable properties, most notably from the derived symmetric weighting and 
consistency in aggregation. It is a logical and intuitive index formula and its decom-
positions can easily be summarized as follows. 
 
                                                      
                                                    
 
A possible extension of the proposed Mongomery-Vartia index where timberland is 
valued with holding value is presented in appendix I. 
 
4.2 Test and evaluation methods 
 
The experimental part of this thesis consists of two main themes that were mentioned 
in the introduction. First, the index formula by Penttinen and Lausti (2004) which 
follows the common principles among return indices is compared to the proposed 
Montgomery-Vartia index formula. In addition, it is evaluated how much the superla-
tive Fisher’s Ideal index differ from the consistent but pseudo-superlative Montgom-
ery-Vartia index. The index formulas are compared by inserting same data into all of 
the indices and to their decompositions. The aim is to present how the index formulas 
differ in practice and what are the implications.  
 
Secondly, it is studied in practice how the decisions made regarding the index con-
struction principles affect the index number. For these calculations the most common 
and intuitive return index formulas possible are utilized from chapter 5.2 onwards. 
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Differing from the common practice of using liquidation value    for property value, 
in our naïve index the Faustmann formula is used for property valuation and the un-
derlying forest asset is assumed to be fully-regulated. The Faustmann property value 
   for each age-class will be calculated using equation 4 and the sum of those prop-
erties will then be divided with the rotation length T to obtain the per hectare value of 
fully-regulated forest. Revenue of the index model will consist of only cash flow 
from timber sales. In order it to be net revenue, expenses are subtracted.  
 
The basic principle of the selected index formulas 62 and 63 is rather straightforward 
and a common way to measure timberland and other asset class returns. What will be 
tested first regarding the naïve index formulation is the effect the Dietz method has 
to the index. This is done because the Dietz method is possibly a very viable and 
simple improvement to the traditional index formulas. Especially, the volatility of the 
returns and their average level will be studied. In the original formula timber sales 
occur at the end of the year, with Dietz they are assumed to roll-in at halfway of the 
period (Dietz 1966). In Dietz method half of the net income is subtracted from the 
denominator of income and property return. This is done in the same fashion as in 
NCREIF TI formulas which are presented in the equations 29 and 30. 
 
An index that is based on fully-regulated forest and on its timber sales is highly de-
pendent on the price selection. It is logical that timber sold in one period, are valued 
in that period prices. It still remains to be decided whether the timber is valued at end 
of the period prices or average prices. Property value on the other hand illustrates 
expectations of future. Future is unknown and consequently hard to express in a for-
mula. Using current period prices, the property value would be highly volatile. Using 
rolling averages we are able to smooth the property value to better resemble its more 
stable nature. It also reasonable to say that our view of the future is not only based on 
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current period prices but also on past events and therefore the use of averages could 
be justified. John Hancock Timber Index uses this same principle and rationale 
(Hancock Timber Resource Group 2003b). John Hancock Timber Index weights the 
latest observations higher than the older ones. In this study no weighting is applied 
but instead shorter averages are used. The index will be calculated by using different 
price selections as the base for the property and income return calculations to see 
how the index number behaves. Volatility and averages will be compared. In addi-
tion to price selection, also the relative prices changes are studies and how they man-
ifest themselves in the index series and how the index carries them over as transition 
periods.  
 
The changes in age-class distribution will be studies by altering directly the fully-
regulated model forest behind the naïve index model. The effect of interest rates and 
index frequency will be also considered in the light of return and volatility. Many of 
the other assets are able to provide almost constant streams of index quotes, therefore 
it can be assumed that it could beneficial for a timberland return index to be able to 




Because of our two different examination themes also two different data sets are 
needed. The Metla index by Penttinen and Lausti (2004) that is compared to our own 
proposition, tracks the returns of Finnish private forests. Therefore, for more illustra-
tive comparison forest inventory data of the Finnish private forests for years 2006–
2011 were obtained from the Finnish Forest Research Institute’s MetINFO database 
(Finnish Forest Research Institute 2013a). The data it is based on the National Forest 
Inventory program and consist of timber stock and growth volumes from private for-
ests that are classified under timber production. For the same period harvests, timber 
prices and total costs were also gathered from MetINFO statistical service’s section 
concerning timber trade and forestry (Finnish Forest Research Institute 2013a). Pos-
sible subsidies are ignored. 
 
Because difficulties encountered in handling the waste wood in the data, only the 
actual reported values for timber stocks are used for year 2006, after which the forth-
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coming stocks are calculated using the annual harvests and growth. This is done to 
guarantee that the data is exact and no gaps exist which might cause problems in the 
index calculation. Also the timber assortment distribution of the growth is assumed 
to follow the year 2006 timber stock distribution because only annual total growth 
volumes are available. Growth figures for the private forests are not available for 
years 2009 and 2010. Hence, the 2009 growth is simply assumed to be the same as 
2008, and 2010 the same as 2011. Clearly, in their own return calculations the Finn-
ish Forest Research Institute uses more intricate methods to estimate the figures and 
distributions more accurately, but they are unfortunately not known to the author. 
Also the exact data estimation is not the subject of this thesis and therefore the gath-
ered and partly generated data will be suitable enough for the testing purposes. It 
should be remembered that the same data is inserted into all the indices tested, which 
means that the actual real life accuracy of the data is not crucial since only the differ-
ences of the indices are studied. Although as can be seen later on, the results we get 
with the index by Penttinen and Lausti (2004) are not too far off from the official 
return figures reported by Metla which indicates that our test data is not completely 
off the chart. 
 
For the examinations from chapter 5.2 onwards longer and different time series are 
used. Longer because moving averages are utilized and different because no exactly 
fully-regulated forests exist in reality and free manipulation of the distributions 
would be impossible without a synthetic forest model. Thus a synthetic forest model 
is built. The test data consists of a model representing a single forest located in Fin-
land. The forest is located in Finland in Savonlinna municipality which belongs to 
the Etelä-Savo forest center. Etelä-Savo is the largest forest center measured in ten 
year average timber sales (Finnish Forest Research Institute 2013a). Timber yields 
and timing of thinnings and clearcuts are obtained from the Finnish Forest Research 
Institute’s forest stand management optimization software MOTTI (Finnish Forest 
Research Institute 2010). Forest type is selected to be MT and as results spruce is the 
main tree species, but also some birch is growing on the site. With the optimal forest-
ry regime that follows the Finnish forestry regulations the forest is thinned two times 
and clearcut is performed at the age of 61. The timber yields are assumed to stay 




Table 2. Timber yields and timing of thinnings and clearcut for the model forest, 
m³/ha. 
  1st thinning (36) 2nd thinning (47) Clearcut (61) 
Spruce sawlogs 5 24,6 214,4 
Birch sawlogs - 0,7 4,4 
Spruce pulpwood 42,3 44,4 69,7 
Birch pulpwood 3,5 4 7,1 
 
Because Faustmann formula is used, an interest rate must be selected. Prices and 
costs change over the years and that is why it is not possible to iterate an interest rate 
that would yield zero bare land value on every observation year and would then be 
the internal rate of return for the model. On the other hand, an internal rate of return 
calculated for the model with constant price and cost levels is dependent of the used 
constants. Since the purpose of the study is no to study the actual profitability of for-
estry, the selection of interest rate is not a crucial one. For the purposes of property 
valuation with Faustmann formula the interest rate is set to 3.5%. Moving from 3.5% 
to 4% one starts to get negative bare land values across the board with the test data, 
which is not desirable for the testing purposes. The effect the interest rate has to the 
index returns will be considered as a separate issue in the results chapter, for the oth-
er testing purposes it is set to be 3.5%.  
 
For illustrations that require authentic data, annual nominal price data for years 1983-
2011 were gathered from MetINFO (Finnish Forest Research Institute 2013a). 
Monthly prices were available only from January 1995 and weekly prices from 1997 
week 7 onwards. Costs in the model are based on cost levels reported by The Finnish 
Statistical Yearbooks of Forestry 1996–2012 (Finnish Forest Research Institute 
2013b). Historical cost data for site preparation is available from 1995–2011 and for 
years 1983-1994 the cost is calculated by assuming that it equals 20% of the planting 
costs which is the ratio in 1995. Annual overhead cost is a result of the author’s 
judgment and it is assumed to be 10 euros per hectare and it grows 2% annually start-
ing from year 1983. Also in the implemented Faustmann formula all the costs are set 




5. RESULTS  
 
 
5.1 Numeric comparison of the index formulas  
 
Table 3 below presents the nominal index returns for Finnish private forests between 
2007–2011 calculated with the aggregate Penttinen and Lausti (2004) index formula 
and the proposed Montgomery-Vartia and its decomposition formulas. The percent-
ages are standard percentages transformed from log-change through Euler’s number. 
The cost index is the same in all of the indices. 
 
Table 3. Nominal index returns for Finnish private forests between 2007 and 2011 
according to aggregate Metla index and Montgomery-Vartia indices. 
  2007 2008 2009 2010 2011 
Metla aggregate 32,747 % -3,298 % -16,269 % 18,666 % 7,296 % 
M-V aggregate 32,747 % -3,298 % -16,269 % 18,666 % 7,296 % 
M-V price  27,057 % -7,304 % -19,548 % 13,782 % 2,991 % 
M-V volume 5,014 % 4,931 % 4,833 % 4,885 % 4,751 % 
M-V growth 1,848 % 2,429 % 3,000 % 2,543 % 2,422 % 
M-V harvest 3,108 % 2,442 % 1,780 % 2,285 % 2,273 % 
Cost index -0,510 % -0,581 % -0,722 % -0,565 % -0,545 % 
 
What we see here is that the aggregate indices of Metla and Montgomery-Vartia 
yield the same return figures. This is because the two indices are in fact the same in 
aggregate level since they both measure logarithmic value change. The differences 
start to show when decompositions are compared. In table 4 are the different decom-
position indices compared to the corresponding consistent Montgomery-Vartia index. 
First in the table are the index return differences of the official Metla decomposition 
and after that are the alternative decompositions with inverse weighting. Letter in the 
brackets after the name indicates the type of the index in question. P for Paasche and 
L for Laspeyres. At the bottom is the Fisher’s Ideal. The Fisher’s Ideal indices in the 
table are not decompositions but indices calculated as geometric means of the Metla 







Table 4. Return differences of the Metla decompositions and the Fisher’s Ideal indi-
ces in comparison to the Montgomery-Vartia index expressed in basis points. 
  2007 2008 2009 2010 2011 
Metla price (L) 6,033 (3,684) 1,322 2,376 (0,595) 
Metla volume (P) (4,984) 4,172 (1,722) (2,190) 0,605 
Metla growth (P) (7,499) 6,371 (1,779) (3,410) 0,709 
Metla harvest (P) 8,260 3,734 5,396 7,030 5,403 
Metla price (P) (7,012) 3,024 (1,414) (2,654) 0,599 
Metla volume (L) 5,798 (3,422) 1,842 2,447 (0,609) 
Metla growth (L) 8,156 (5,820) 1,934 3,587 (0,735) 
Metla harvest (L) 3,387 8,331 5,248 4,669 5,632 
Fisher’s price (0,498) (0,323) (0,045) (0,142) 0,001 
Fisher’s volume 0,378 0,360 0,057 0,123 (0,002) 
Fisher’s growth 0,161 0,199 0,072 0,064 (0,014) 
Fisher’s harvest 5,814 6,022 5,322 5,846 5,517 
 
The decompositions of the Metla index, in other words the Paasche’s and Laspeyres’ 
indices, set the outer borders for the returns when the Fisher’s Ideal is the geometric 
mean of the two. Because the Montgomery-Vartia approximates the superlative indi-
ces it is also in the middle of the Laspeyres and Paasche and the difference between 
it and the superlative Fisher’s Ideal is very small. Exception is the Montgomery-
Vartia harvest return which is defined as the difference between the volume index 
and the growth index and it is always the smallest of the four. The actual return fig-
ures are presented in appendix III. 
 
The effect of symmetric weighting can also be witnessed in the standard deviations 
in table 5. The Fisher’s Ideal indices and decompositions of the Montgomery-Vartia 
are more stable and their deviations can be found from the middle of the Laspeyres’ 
and Paasche’s indices.  
 
Table 5. Standard deviations for Finnish private forest returns between 2007 and 
2011 calculated with Metla, Montgomery-Vartia and Fisher’s Ideal formulas. 
  Metla Metla (inverse) M-V Fisher ideal 
Aggregate 18,99440 % - 18,99440 % - 
Price 18,11296 % 18,06177 % 18,08852 % 18,08730 % 
Volume 0,09364 % 0,11837 % 0,09930 % 0,10093 % 
Growth 0,43187 % 0,39301 % 0,41058 % 0,41025 % 




5.2 Timing of income 
 
First the naïve index was calculated with current period prices to see the differences 
between simple Dietz method and normal method. With the 0.5 multiplier, the Dietz 
method assumes that income and costs will occur in the middle of the period. In 
normal method income and costs occur at the end of period. Dietz method is used, 
for example, in the NCREIF Timberland Index. In table 6 are listed the standard de-
viations and averages for the returns calculated with both methods.  
 
Table 6. Volatility and average nominal returns according to Dietz method and nor-
mal relative change calculated with current period prices for 1989-2011. 
  Volatility Average 
  Normal Dietz Normal Dietz 
Income return 0,48 % 0,50 % 3,80 % 3,87 % 
Property return 13,28 % 13,55 % 2,91 % 3,00 % 
 
With Dietz method the returns are bit more volatile than with normal straight meth-
od. Compared to the normal, with Dietz’s method the returns rise higher and dive 
lower than the equivalent return calculated with normal formula that assumes the 
income and costs will occur at the end of the period. Explanation for the higher vola-
tility is simple, when half of the income component is subtracted from the denomina-
tor the return figures are bound to increase in absolute terms and therefore the varia-
tion in returns increase.  
 
Also the average for Dietz method is higher, which means that the Dietz method is 
not neutral in the way it treats the ups and downs in returns. When timber prices are 
higher also the income is higher and when half of it is subtracted from property value 
in the denominator, the effect of higher timber prices will increase even more. The 
return will not only be higher because of the increased numerator but also because of 
the decreased denominator. When timber prices decrease, Dietz method returns will 
drop lower than with normal method due the subtraction, but compared to the case of 
rising timber prices with Dietz method, this time the lower timber prices will mean 
that also the subtraction term will be smaller. Dietz method results in return figures 
that are slightly higher compared to the normal relative change in cumulative level. 
Judging from average returns, with the test data it seems that income return benefits 
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slightly from the use of Dietz method when longer averages prices are applied in 
property value. The gap between normal relative change returns and Dietz method 
returns widen, but very moderately. In property return the trend is the opposite, the 
stabilizing property value will reduce the difference between the two methods. This 
trend being much stronger, the spread in average total returns narrows when longer 
averages are used. This leads us to the question of price. 
 
5.3 Price selection and smoothing 
 
Naturally, a prices series consisting of single price observations at one point in time 
during the observations periods are more prone to randomness than a series that is 
compiled of averages for the very same periods. If we assume that an index is calcu-
lated for a calendar year, then yearend prices would be a natural choice. Important is 
what is the relationships between a price in one observation point and the rest of the 
year. This can be illustrated by comparing Finnish timber prices between 1997 and 
2011. In table 7 one sees a confusing phenomenon; the annual averages for logs are 
more volatile than prices in December and in week 52. 
 
Table 7. Table Standard deviations of nominal timber assortments prices in Finland 
between 1997 and 2011, €. 
  Logs Pulpwood 
Species Pine Spruce Birch Pine Spruce Birch 
Yearly 6,08 8,29 3,36 1,41 1,70 1,41 
Monthly (Dec.) 4,92 6,60 3,42 1,36 1,95 1,39 
Weekly (52) 4,92 6,60 3,46 1,35 1,94 1,39 
 
The reason for the phenomenon is that in 2007, 2008, 2010 and 2011 especially saw 
log prices climbed high during mid-year and then reverted back to lower levels be-
fore December. In 2007, for example, the yearly prices for sawlogs were over 7.6% 
higher on average than during week 52 and in 2008 the differences was almost 9%. If 
we assume that timber is sold evenly during the entire year and not only at the years’ 
end, the use of end of the year timber prices would clearly understate income returns 
in this case. In other situations the effect might reverse, it depends on the pattern of 
the price movements. In figure 4 are the annual property returns from 1989 to 2011 




Figure 4. Annual nominal timberland property returns from 1989 to 2011 calculated 
with current and rolling average timber prices. 
 
Property value represents the value of the property at one point in time which makes 
the price problem not as severe as it is for income return. Also the possibility to use 
rolling averages over consecutive periods in property return calculation might weak-
en this effect. The returns above are calculated with the naïve relative change formu-
la and with annual prices. As can be seen, the smoothing of the returns is evident 
when longer rolling averages are used as the base for property value calculation. 
Largest annual swings are seen when only current period prices are used. Smoothing 
suppresses the returns towards the mean and the range of variation narrows. What is 
clearly visible is the fact that due to the rolling averaging, the returns start to lag de-
pending on the length of the rolling average. This is obvious when comparing the 
year 1994 and the consecutive five years. Also after 2007 when timber prices set the 
historic high-water mark we see that property returns with longer averages were able 
to resist the steep recession decline that followed. Clearly the question of averaging 
is also a question of price and correlation. Figure 5 shows the stumpage price chang-
es and an average weighted with the timber yields of the model forest. For graphical 
trending comparison, the corresponding income returns are plotted in figure 6. 
 




Figure 6. Annual nominal timberland income returns from 1989 to 2011 calculated 
with current period prices for income and current and rolling average timber prices 
for property values. 
 
First, by comparing figures 4 and 5, it is obvious that the change of average timber 
prices and property returns with current period prices are basically an exact match. 
When averages are introduces the resemblance blurs but the pattern remains, in the 
end, the returns are derived from prices. In figure 6, the notable thing is that the in-
come return is always positive, which will result in the aggregate level to push the 
total return upwards. Second distinguished characteristic is the scale of returns which 
is smaller than the property returns and prices changes. The patterns of the income 
returns have features from both, the property returns and price changes. This is natu-
ral a consequence of the return formula. Income is valued at current period prices and 
is divided by the last period property value. As we can see from table 8 the volatility 
of the indices evidently tone down when averages are used. 
 
Table 8. Return index volatilities in 1989–2011 calculated with current and rolling 
annual price averages. 
 Current 2 3 4 5 6 
Income return 0,48 % 0,46 % 0,45 % 0,43 % 0,40 % 0,40 % 
Property 
return 
13,28 % 9,83 % 7,39 % 5,62 % 4,04 % 3,25 % 
Total return 13,76 % 10,26 % 7,78 % 5,94 % 4,31 % 3,52 % 
 
Income return volatility does not decrease as sharply as property return volatility. 
The property return volatility decreases 75% when current prices are changed to 6 
period averages. For income return the same difference is 16.7%. In the income re-
turn formula the income remains the same but the method used to calculate the prop-
erty value changes, which will smooth the returns but clearly not as aggressively as is 
the case with property return. Figure 7 shows the correlation development with price. 
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Figure 7. Intra-period correlations in 1989–2011 between annual average timber 
price change and return components calculated with current and rolling average pric-
es.  
 
When averaging is expanded to cover wider range of years the resulting returns start 
to diverge from the pure prices return. The speed of divergence naturally slows down 
when more years are introduces to the average. In the figure the correlation increases 
slightly when moving from 5 period averages to 6 period averages. One possible 
explanation for this is that economics cycles that show up in the series might have 
length of close to six years on average. 
 
5.4 Relative price change and index transition 
 
With current period pricing the change in price relation alters the returns only for one 
period. Problem especially with rolling averages in property valuation is that if the 
relative prices change, the index will continue to report returns that are partly based 
on previous conditions. Averaging appears in the index as a transition periods of 
higher or lower returns, depending on the direction of the change. The amount of a 
transition periods is dependent of the lengths of the averaging; it is one period shorter 
than the length of the averaging. In other words, it will take time before the changed 
realities will appear in full scale in the returns and the index will stabilize. General 
price changes do not affect the property returns in a biased manner as longs as the 
relationship between different timber assortments remain the same and the variation 
can be assumed to be a stochastic process over time. Obviously the relations between 
timber assortments vary all the time, but usually within certain range. Issues arise 
when this range changes is of more permanent basis. To illustrate this feature, in fig-
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ures 8 and 9 are illustrations of how the index number and return behave when rela-
tive pricing changes. In the scenario below price ratio between pulp wood and saw 
logs have previously been 0.3 and then it suddenly changes so that pulpwood prices 
are 50% of saw log prices. Point 4* represent this moment of change. 
 
 
Figure 8. Index numbers’ development when pulpwood-saw log ratio changes from 
0.3 to 0.5 in period 4*. 
 
The path of divergence is dependent of the averaging and it takes time for the indices 
to adjust to the changed conditions but once they are done with the stabilization they 
will eventually reach same level. In other words, the selected averaging does not af-
fect the cumulative returns in long-run. We can investigate this also from the per-
spective of periodic return and how the change distributes between different periods. 
Figure 9 has the periodic returns for the same scenario plotted. 
 
 
Figure 9. Different return index developments when pulpwood-saw log ratio changes 
from 0.3 to 0.5 in period 4*. 
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In case of averaging, the change in returns distribute rather evenly for all the forth-
coming period, but due to the nature of rolling averages and return formulas, the 
trend is descending. After transition periods the returns settles down to the previous 
return level, which in this example is the interest rate of 3.5%. Both of the examples 
illustrate the problem of transition. In index calculation with the selected methodolo-
gy the transition periods introduces challenges in the index utilization in relation to 
reality. Figure 10 shows the relevance of the time of utilization.  
 
 
Figure 10. Property value development of a property acquired at the beginning of 
period 5 based on index returns from period 5 onwards. 
 
In the figure, a hypothetical property is acquired at the beginning of period 5 and the 
index returns are utilized as benchmark from that point onwards. Now because of the 
lagging, the longer averages will actually yield higher index numbers and cumulative 
returns in the end. With current pricing the change in return characteristics took place 
in period 4 and that is why the current period line in this case would be the correct 
benchmark for the property. At the end of the period 9 the difference between returns 
utilizing 6 period rolling average prices and current period prices in property valua-
tion is roughly 10%. The amount of excess return in annual basis is the difference 







5.5 Relevance of the age-class distribution 
 
The basic idea behind the use of fully-regulated forest is the elimination of the ef-
fects the changing harvest levels and timber stock have to returns. To illustrate the 
effects of age-class change, the distribution behind the index model was first set to 
have trees in every other age-class. This was carried on so to that the distribution 
aged dynamically through time. Because the rotation length is 61 years, which is not 
dividable by two, there is one portion that is alone it its age-class. However, this has 
minor effect to the model since it resembles only 61st proportion of the forest base. 
Therefore the model forest ends up taking turns in having either two portions in bare 
land state or two portions in age-class one, after which the rest of the class sets roll 
out as an arithmetic sequence with the constant difference of two years. If we ignore 
the one odd age-class in the modified model forest, then in general one will perform 
clearcut and the second thinning on every other year, whereas first thinning is done 
during the years between. In figure 11 are the index returns drawn with constant 
prices and costs. The model assumes that the clearcut and the following regeneration 
are done in the same period and thus the drop in property value and the substantial 
income from clearcuts are accounted to the same period. If they would be accounted 
to different periods then the return changes would even be more intense and the re-
turns would be more volatile. 
 
 
Figure 11. Return components with constant prices and costs, based on one year gaps 






Obviously, this is an extreme case but it illustrates how the income return that is real-
ized from the forest compensates for the drop in property value and keeps the total 
return relatively level. In other words, how the mature standing timber stock is trans-
formed in the index from property value to commodity-based cash flow. If we extend 
the cap to two years and keep the distribution otherwise still even, we start to notice 
distinctive cycles in the returns as figure 12 illustrates. 
 
 
Figure 12. Return components with constant prices and costs, based on two year gaps 
in the age-class distribution. 
 
In the fully-regulated forest with two year gaps between the age-classes we see the 
cycle of thinnings and clearcuts. First is the clearcut, then the second harvest and 
finally the first harvest. With both forest settings the average return stays unchanged, 
at 3.5%, which is the interest rate employed in the calculation. On the contrary, the 
volatility in total return is higher in the model that uses two year gaps instead of just 
one, it increases from 0.20% to 1.80%. What is visible also from the picture is the 
change in the source of the volatility. With one year gap the income return is more 
volatile than property, with two year gaps it is the opposite. Should the model forest 
be set to use more sparse distributions, the returns would then be just more and more 





Figure 13. Return components with constant prices and costs, based on four year 
gaps in the age-class distribution. 
 
Introducing wider year gaps to the distribution one would simply see periods of high 
income and massive drops in the property value. On the flipside, there would be pe-
riods of zero or negative income and steady property value appreciation while new 
timber stock is cumulated which would then be liquidated. Again, the average total 
return would still remain the same, but total return volatility would still continue to 
pile up, increasing now to 2.21% in our four year gap example. There are numerous 
ways a distribution could be skewed or uneven and it is not possible to review them 
all. Should a distribution be severely skewed and not follow an even distribution, the 
returns would still follow the logic presented above and be dependent of the timing 
of harvests, which would result in enormous cycling or otherwise irregular index 
returns.  In table 9 are the volatilities listed for our three examples. 
 
Table 9. Return volatilities with 1, 2 and 4 year gaps in the age-class distribution.  
 1 2 4 
Income return 3,26 % 3,50 % 5,89 % 
Property return 3,06 % 4,84 % 5,51 % 








5.6 Interest rate and index returns 
 
Ceteris paribus, then returns from fully-regulated forest will equal the interest rate. 
Interest rate is only used in the valuation of timberland property and hence, with tim-
ber prices and costs, the interest rate dictates the value of a property. When interest 
rate remains the same through time, the value of property remains the same and no 
property returns are gained. Changes in interest rates will change the property value 
accordingly and when income returns are calculated, as it is income’s and property 
value’s ratio, the ratio will be the interest rate. Higher interest rates will affect the 
income return whereas the property return will remain unaffected. Below, table 10 
shows with the test data the effects of interest rate selection in practice. 
 
Table 10. Volatilities and average returns from 1989 to 2011 with annual current 
period average prices.   
 Volatility Average 
Interest 
rate 
3,0 % 3,5 % 4,0 % 3,0 % 3,5 % 4,0 % 
Income 
return 
0,41 % 0,48 % 0,55 % 3,25 % 3,78 % 4,32 % 
Property 
return 
13,3 % 13,3 % 13,3 % 2,7 % 2,7 % 2,7 % 
 
As said, property return is simply the ratio between consecutive property values and 
that is why the interest rate selection does not affect the property return component. 
It is the income return that varies depending on the interest rate selection. By select-
ing higher rates the returns and their volatility increases. Because total return is the 
summation of these two returns components, the interest rate will have an effect to 
the total return as well. By selecting higher interest rates, the total profitability of 
timberlands can artificially be raised.  Half a percent increase in interest rate leverag-
es the income accordingly, approximately by 0.5 percentage points.  When dividing 
the average income returns with the matching volatilities the ratio is ~7.9, which 
means that risk-adjusted returns are the same and no arbitrage exists if the increase in 





5.7 Index frequency 
 
Figure 14 shows monthly fluctuation between February 1995 and December 2011 
with the Finnish test data. 
 
Figure 14. Monthly index returns during 1995–2011. 
The previous series is calculated with the assumption that annual costs and income 
distribute evenly among all the twelve months of the year.  This is done because only 
annual cost data is available. Monthly volatility for income return between full years 
of 1996–2011 is 0.01% and for property 2.14%. If multiplied with square root of 
twelve to annualize the volatility, we see that the volatility actually decreases when 
comparing to the volatility of 12.83% the annual returns calculated with current peri-
od prices have. For comparison, figure 15 has the annual return components for the 
same period but with the average annual prices. 
 




The increased frequency of the index will increase the fluctuations since price selec-
tion becomes more frequent, although, individual price swings seem to be just tem-
porarily and last only for a few months at a time. Even with current period prices the 
annual returns seem relatively smooth with first look compared to the monthly re-
turns. Difference is the scale of the changes, it is much larger, as large fluctuations in 
a small sample tend to result in high deviations. In both examples, it is the property 
return that contributes the most to the total return and to volatility, income return 
being rather stable. Annual average return between 1996 and 2011 calculated in 
compounding basis from the monthly averages is 5.81% for total return, which is 
lower than the equivalent of 7.12% for the same period calculated from annual re-
turns in figure 15.  
 
The discrepancy in the average returns and proportions of the difference in volatility 
might have to do with the practice of averaging implemented by the Finnish Forest 
Research Institute. The annual averages reported by their statistical service MetINFO 
does match the annual arithmetic averages that the author calculated from the month-
ly prices.  Reason for this is probably the weighting implemented by Finnish Forest 
Research Institute in the calculation of the annual averages. However, this raises an 
interesting point regarding the practice of averaging, frequency and fully-regulated 
timberland returns because fully-regulated timberland indices tend weight all the 
months or sub-periods evenly. Further investigation of prices reveal that for spruce 
and birch timber assortments the annual prices reported by MetINFO between 1996 
and 2011 are 1.12% higher than the arithmetic averages calculated from monthly 
data. It seems that price and quantity go hand in hand in our data and the principles 
of supply and demand apply. Also the volatility of the annual prices for spruce logs 








6.1 Discussion of the results 
 
In the numerical example, due to the same aggregate formula, the proposed Mont-
gomery-Vartia timberland return index yields the same return figures as the more 
common index formula by Lausti and Penttinen (2004). However, the difference and 
the advantages of the Montgomery-Vartia index formula become clear at the decom-
position level. With Montgomery-Vartia the aggregation is consistent and the same 
formula can be utilized throughout the index calculation, whereas the aggregate 
Metla index breaks down into pairs of Laspeyres and Paasche price and quantity in-
dices. When the Laspeyres and Paasche indices always forms the outer edges of the 
index fork, the Montgomery-Vartia yields index numbers that do not favor any peri-
od over other. If compared to the Fisher’s Ideal indices we see that the pseudo-
superlative Montgomery-Vartia index really approximates very closely the superla-
tive index. Exception is the harvest return that is always smaller than the Laspeyres 
and Paasche. The difference is roughly the same size as the upward bias in the prod-
uct of separate Metla harvest and growth indices compared to their corresponding 
aggregate volume indices.  
 
As was seen with the Metla index, in aggregate level, if chosen correctly, it possible 
to use pairs of Laspeyres and Paasche to obtain unbiased aggregate index numbers as 
Vartia and Vartia (1984) have also shown. Fisher’s Ideal on the other hand shows 
that this cross formulation implies in separate price and quantity indices as well. Dif-
ficulty is that the Fisher’s Ideal is not consistent in aggregation and the used Fisher’s 
price and quantity indices cannot be derived exactly from any aggregate index. Some 
additive Fisher’s decompositions are however possible to be calculated for the indi-
vidual price and quantity indices (Reinsdorf et al. 2002), but they are not consistent in 
aggregation. 
 
Overall, the fully-regulated forest as the base of the index worked as was anticipated. 
It generated undistorted returns by providing a constant flow of timber and steady 
timber stock development. It was inevitable that constant quantities would emphasize 
the role of prices and costs as the main drivers of the returns. This simplification of 
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timberland returns made the returns pure and simple, with no interference coming 
from unaccountable or judgmental return components. On the contrary it draws ra-
ther unilateral picture of the return generating process, although it probably captures 
a major proportion of the overall true timberland returns. The dominant role of tim-
ber prices and biological growth in timber returns are supported by the findings of 
Caulfield (1998a). 
 
Support for the use of Dietz method can be found from the reality. Timber is not only 
sold at the end of the period but more or less evenly during the period. Even though 
Dietz method is still a simplification of reality, it can be a step towards more realistic 
measurement of timberland returns. Regarding the selection of price there are certain 
features that should be considered. Other assets classes are value at end of the period 
prices so it would be reasonable to suggest that timberlands should be valued the 
same way. Timberlands are not liquid which means that the justification for current 
pricing might not be as valid after all as it is for stocks and bonds that can usually be 
sold at any given time. This opens the window for averaging. The results obtained in 
this thesis are in line with the ones reported by Washburn and Binkley (1990). When 
observation period is increased, the riskiness of softwood species prices also increas-
es compared to average prices that are calculated over shorter time periods.  
 
Problem related to prices that came up from the frequency evaluation was the differ-
ence between aggregate average prices and sub-period average prices. When prices 
are weighted with quantity, it is clear that the quantities and related prices vary dur-
ing the observation period. Usually annual prices are calculated as quantity or vol-
ume weighted averages over monthly weighted average prices. Problems with this 
practice is, that one does not know the intra-year weights, with which to weight the 
monthly returns, until the year’s ends. Difficulty with indices based on fully-
regulated forests and higher frequencies is that these indices weight all the months or 
periods equally when it is assumed that timber is sold evenly at all times. This will 
result in very different aggregate return figures between these two methods. Wash-
burn and Binkley (1990) discussed this actual process of averaging and its validity, 
however they conclude that often in practice the difference in not dramatic. Never-





The over the period averaging utilized in this study was able to illustrate the point 
made also by Hancock Timber Resource Group (2003b) regarding the stabilizing of 
property value. There are clearly some befits that can be gained by using price aver-
ages as the solution to wildly fluctuating property values. Current period price 
changes should not manifest themselves in full scale in the property value. Some 
averaging is justified since temporary difficulties cannot affect the property value, 
especially when timberlands are long time horizon investments. When using rolling 
averages as the base for property valuation, the timber sale return will be a leading 
indicator for the future property return. The length of the averaging remains still a 
question. Without any smoothing or averaging it is clear that price changes can be 
used as an index for timberland returns, which might be far from the reality.  
 
A change of relative prices is a natural feature of commodities markets and important 
driver of returns. In addition to the index number problem, the problems with relative 
changes is that if one starts to utilize an index using rolling averages in property val-
uation while a clear transition period is still in progress and the actual transition or 
change in real life has already happened, the index will not illustrate correctly the 
returns of timberlands for that person. As an example, if one starts to use the index 
during the transition period, it will overstate the returns compared to equivalent real 
forest that is acquired at the same time the index is started to utilize. This is because 
the real timberland has already gone through that transition and current price for the 
property is paid and thus its transition returns are not lagging behind but are already 
stable.  
 
Divergence from evenly distributed fully-regulated forest will increase the cyclic 
nature of returns as can be expected. Cycling makes the index utilization hard espe-
cially in short-run because the returns can fluctuate heavily and more reliable aver-
age returns can be obtained only from longer time series. Index should be able to 
provide sufficient stability and agility at the same time which can be challenging. 
 
The interest rate selection plays as major role in the indices that are based on forests 
valued with net present value calculations. The absolute value of timber sales is in-
variant of interest rate, but by increasing the discount rate one can leverage the in-
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come return components. This is because timber sales returns are expressed in rela-
tion to timberland property value, which decreases when interest rate is increased. In 
index construction the correct interest rate selection is a challenge. If index consist of 
different forests, the interest rates should be selected to correspond the riskiness of 
those particular assets and then index cannot be constructed with just a single interest 
rate. Even the utilization of internal rate of return as the interest rate will not change 
this challenge, since no single internal rate of return can be calculated for an index.  
The selection of interest rate remains more or less as matter of judgment for the pub-
lisher of the index. Previous papers have proved that with sample based indices that 
provide a ready-made return series without the need for initial interest rate selection, 
it is possible to calculate an approximation of the interest rate with CAPM (Zinkhan 
1988, Washburn and Binkley 1990). Unfortunately that is not possible for a model 
that is built from ground up. 
 
A more frequently updated index would be an advantage for the end-users of an in-
dex. A problem is the availability of data. Price quotes are often the most easily ob-
tainable but with other input values the difficulty is much greater. In this thesis, a 
problem was to get cost data for a more frequent index. If annual costs are used and 
they are divided evenly to all months, as was done in this thesis, then the transition of 
the year will be the point of difference and a reason for big return changes in the be-
ginning of a year. Interpolation could be used to cumulate the costs evenly through-
out the year to obtain more smooth cost change. Unfortunately, interpolation is not 
possible if the costs for the whole year are not known. This makes the updating im-
possible during the observation year. A solution would be to use assumptions, but as 
a trade-off the accuracy of the index might suffer. Compared to heavy sample-based 
indices, synthetic indices can probably still reach higher frequencies because they 







6.2 Recommendations and further research 
 
For any index series the index formula utilized should obviously be selected so that it 
is the most suitable for that particular purpose. That is why this thesis recommends 
the Montgomery-Vartia index formula to be used in timberland return measurement 
instead of the other available index formulas. The main reason is its ability to be con-
sistent in aggregation which is property a timberland return index should have if de-
composition indices are used and published, as they often are. The decompositions 
make it possible for one to investigate further the source of the returns and their key 
drivers. As we saw, the different return components can vary greatly and behave very 
differently from each other. The second argument for Montgomery-Vartia’s suitabil-
ity is its symmetricity due to its log-mean weighting that can be derived from the 
already acknowledged logarithmic value change. Author does not see a reason why a 
timberland return index or its decompositions should favor one period over another. 
Current consensus among economists and statisticians is that superlative indices 
should be preferred in index calculation (Diewert 1976, IMF 2004, p. 5, ILO 2004, 
ch. 9 p. 20). Even though Montgomery-Vartia is only pseudo-superlative, it has been 
proved, also in this thesis, that it approximates very closely the superlative Fisher’s 
Ideal index and therefore the other superlative indices that approximate each other. 
Truly superlative indices on the other hand are not exactly consistent in aggregation 
(Diewert 1978), and the authors view is that the consistent aggregation is the domi-
nant factor in timberland return measurement and more important than exact superla-
tivity, especially when the differences between pseudo-superlative and superlative 
have been proven to be minor. This argument for favoring consistency over true su-
perlativity is shared by Pursiainen (2005, p. 152). 
 
Regarding the index construction principles, the benefits of steady forest base are 
self-evident if optimally managed timberlands and their benchmark performance are 
pursued. Fully-regulated timberlands draw neutral picture of timberland performance 
and the results can easily be compared. Should a pure benchmark index be construct-
ed, a fully-regulated timberland structure should be considered. Despite of its bene-
fits, probably more should be done to investigate the possibilities to construct an in-
dex which returns are not solely based on price and cost variables. This aspect can 
become more important in the future when the uses of forests diversify. With differ-
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ent measurement goals such as portfolio or national forest return indices, the right 
index formula is the key since the underlying forest asset is predetermined and no 
regulation of the distribution is desired.  
 
To take into account the timber sales flow that distributes evenly throughout the year, 
the use of average prices in the naïve income return calculation can be justified to 
knowledge this characteristic. With property values the use of annual averages might 
not be necessary and if compare to other assets, the valuation date prices can even be 
warranted for consistency and harmony. However, if more sophisticated decomposi-
tions of return are pursed, such as the one implemented in Metla index or in the pro-
posed Montgomery-Vartia index, this dual selection of price is not possible and it is 
also very ad hoc solution. Intra-year average prices are also a problem, since proper 
weighting can be done only when the annual volumes are known. Overall the aver-
age prices in a sense also account for the adaptive cutting, because the high price 
months with high volumes push the mean upwards which is the month when owners 
would prefer to sell timber. For low prices months, the effect is the opposite. To 
tackle this problem of timing of income additional research where modified Dietz 
method with continuous flow is studied could be useful. The Dietz method could be a 
valuable and simple improvement to the existing index formulas should it be decided 
that the index formulas remain otherwise unchanged. Yet, the benefits of the Dietz 
method seem to be rather minor compared to the other issues with the current index 
formulas. Regarding the use of averages in property valuation, also further research 
is needed to determine the suitable range for possible averaging. A study where the 
relationship between the rolling averages and the actual transactions is investigated 
would be valuable. Also the use of holding value instead of liquidation value in 
property valuation should be considered, since it draws more accurate picture of the 
capital commitments and therefore the investment returns of timberlands. 
 
It is clear that often one does not only need a single aggregate index but also decom-
positions, and should the geographical region be large and heterogonous regional 
sub-indices can also be needed. With regional sub-indices the problem of suitable 
weighting for everyone could be solved and the index returns would also become 
more transparent. Clearly this would require the use of index formula that is con-




Fixed underlying forest models and hence statics indices can be problematic when 
world changes and progresses. This is not a problem in sample based indices since 
the sample and thus the underlying timberland asset changes dynamically or is fixed 
by decision, but it is a problem with synthetics indices. In old timber production re-
gions the timber yields are steady and settled to certain levels, whereas in tropics 
plantation forestry still searches its steady state and the yields per hectare are chang-
ing and improving. Considering this, it might not be wise to fix the weights or yields 
in an index if those parameters will be obsolete in ten or so years. The same thing 
could apply to possible geographical allocation and it seems that it could be useful if 
these parameters could be freely adjusted and audited in certain intervals, so that 
when the emphasis or yields change, the index can follow and adapt. Without dy-
namics, a synthetic fully-regulated return index would simply be a rather static func-
tion of prices and costs. As a remedy for this, it could be useful to study if it is possi-
ble to construct more dynamic return indices that still follow the synthetic return in-
dex principles. With dynamic return indices we mean indices that could allow flexi-
ble adjustments to be made to their parameters, weights and allocations, while the 
forest age-class distribution could still be kept fully-regulated and returns unbiased in 
that regard. This would provide a synthetic index some of the same agility the sample 
based indices have.  
 
The fact of the matter is that there is place for all the different index construction 
principles considered in this paper. Whether synthetic or sample-based, fully-
regulated or not, all the methods have their advantages in index construction and they 
are not mutually exclusive. They just illustrate timberland returns from different an-
gles. This thesis contributes to the literature regarding timberland return index for-
mulation and index construction principles. Even after all these pages, it still remains 
as the burden of the publisher of a given index to evaluated and select the most suita-
ble construction principle for his or her measurement purposes. Hopefully this thesis 
is able to illustrate some their differences. However, the key finding of this thesis is 
that the Montgomery-Vartia index seems to be more appropriate formula for timber-
land return measurement than the currently used or the other available index formu-
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The challenge with the holding value is the implementation of bare land value. Be-
cause the bare land value is not possible to be expressed as a multiplier to the same 
price and quantity variables as the one rotation discount factor   is, since timber flow 
j run either for the rest of the rotation or for the whole rotation from plantation to 
clearcut which would be the case with the bare land value. Below is the Montgom-
ery-Vartia formula written with holding value that accounts only for the timber flows 
during the rest of the remaining rotation. 
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   marks the time of occurrence of the timber flow during the rest of the rotation 
   is the time of valuation given in years from regeneration 
T is the rotation length 
  is the discount factor             that discounts the cash flows from the time of oc-
currence    to the given period present   . 
 
Due to this discrepancy with prices and quantities, the present value of bare land val-
ue would probably be needed to be added to the numerator and denominator as sepa-
rate variables. Yet, we would need to express the summations correctly so that the 
weights would add up. Also if one tries to decompose a formula with added varia-
bles, one would run into difficulties with the bare land value. Without it the formula 
decomposes as the original one with liquidation values. Although the timberland is 
valued only based on the yields of the remaining of the first rotation in the above 
formula, it could still be an improvement and draw more accurate picture of the in-
vested capital.  
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Growth (m³), g Costs (€), C
Logs Pulpwood Total Logs Pulpwood Total
2006 Pine 296545000 639062000 44352000 7092000 8343000 314019000
2006 Spruce 269861000 313972000 28105000 11029000 7087000
2006 Birch 35739000 281614000 21540000 866000 4898000
2007 Pine 301488645 660059355 44775000 9248000 9586000 330388000
2007 Spruce 265840689 325806311 28552000 13070000 7668000
2007 Birch 41415700 290640300 21469000 1128000 5638000
2008 Pine 308306749 680384251 44808000 7384000 10281000 355072000
2008 Spruce 265702684 338809316 28859000 9285000 6709000
2008 Birch 47173525 298989475 21441000 1038000 6296000
2009 Pine 317364854 703246146 44808000 5144000 7744000 363400000
2009 Spruce 267639679 352928321 28859000 7210000 5593000
2009 Birch 53284349 308259651 21441000 685000 5375000
2010 Pine 324627536 724459464 45078000 7025000 9577000 333405000
2010 Spruce 267824527 367672473 31534000 9810000 6795000
2010 Birch 59817506 317801494 23171000 811000 6285000
2011 Pine 331686218 745759782 45078000 7229000 9490000 339010000
2011 Spruce 267801375 382559625 31534000 10018000 6652000
2011 Birch 66260662 327563338 23171000 901000 6065000
Timber stock (m³), q Harvests(m³), h
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Appendix III. Nominal index returns for Finnish private forests between 2007 and 




























2007 2008 2009 2010 2011
Metla aggregate 32,747 % -3,298 % -16,269 % 18,666 % 7,296 %
Metla price (L) 27,117 % -7,341 % -19,535 % 13,806 % 2,985 %
Metla volume (P) 4,964 % 4,973 % 4,816 % 4,864 % 4,757 %
Metla growth (P) 1,773 % 2,493 % 2,982 % 2,508 % 2,429 %
Metla harvest (P) 3,191 % 2,480 % 1,834 % 2,355 % 2,327 %
Metla cost -0,510 % -0,581 % -0,722 % -0,565 % -0,545 %
Metla aggregate (inverse) 32,747 % -3,298 % -16,269 % 18,666 % 7,296 %
Metla price (P) 26,986 % -7,274 % -19,562 % 13,756 % 2,997 %
Metla volume (L) 5,072 % 4,897 % 4,852 % 4,910 % 4,745 %
Metla growth (L) 1,930 % 2,371 % 3,019 % 2,578 % 2,415 %
Metla harvest (L) 3,142 % 2,526 % 1,833 % 2,331 % 2,330 %
M-V aggregate 32,747 % -3,298 % -16,269 % 18,666 % 7,296 %
M-V price 27,057 % -7,304 % -19,548 % 13,782 % 2,991 %
M-V volume 5,014 % 4,931 % 4,833 % 4,885 % 4,751 %
M-V growth 1,848 % 2,429 % 3,000 % 2,543 % 2,422 %
M-V harvest 3,108 % 2,442 % 1,780 % 2,285 % 2,273 %
Fisher's price 27,052 % -7,307 % -19,549 % 13,781 % 2,991 %
Fisher's volume 5,018 % 4,935 % 4,834 % 4,887 % 4,751 %
Fisher's growth 1,850 % 2,431 % 3,000 % 2,543 % 2,422 %
Fisher's harvest 3,167 % 2,503 % 1,833 % 2,343 % 2,329 %
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Costs 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Annual overhead 10,0 10,2 10,4 10,6 10,8 11,0 11,3 11,5 11,7 12,0 12,2 12,4 12,7 12,9 13,2
Seedlings management 112 93 105 111 115 120 119 130 146 146 145 151 175 175 182
Planting 366 326 371 409 409 463 486 541 500 524 547 582 597 587 595
Site preparation 73,2 65,2 74,2 81,8 81,8 92,6 97,2 108,2 100,0 104,8 109,4 116,4 117,2 115,7 126,1
Costs 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Annual overhead 13,5 13,7 14,0 14,3 14,6 14,9 15,2 15,5 15,8 16,1 16,4 16,7 17,1 17,4
Seedlings management 233 211 218 235 259 276 285 306 316 331 350 363 372 390
Planting 589 618 712 589 599 600 592 594 597 606 631 662 692 716
Site preparation 129,8 129,3 139,6 171 171 228 223 233 239 245 272 270 296 308
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Appendix V. Annual nominal index returns according to naïve index formula with 










Annual returns 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Price change 7,37 % 5,21 % -11,18 % -14,64 % -8,53 % 21,09 % 11,00 % 3,37 % 7,88 % 4,16 % 3,26 % 7,28 %
1 period income 3,96 % 3,84 % 3,20 % 3,04 % 3,32 % 4,67 % 4,16 % 3,83 % 4,01 % 3,83 % 3,80 % 3,94 %
1 period property 8,24 % 5,11 % -13,07 % -18,20 % -11,39 % 26,21 % 12,89 % 4,03 % 9,04 % 4,23 % 3,64 % 7,46 %
1 period total 12,20 % 8,95 % -9,87 % -15,16 % -8,07 % 30,88 % 17,05 % 7,86 % 13,05 % 8,06 % 7,44 % 11,40 %
2 income 4,26 % 4,00 % 3,29 % 2,82 % 2,99 % 4,41 % 4,67 % 4,00 % 3,92 % 3,91 % 3,83 % 3,86 %
2 property 11,90 % 6,34 % -3,68 % -15,76 % -15,17 % 6,13 % 18,91 % 8,54 % 6,38 % 6,40 % 4,19 % 5,09 %
2 total 16,16 % 10,35 % -0,38 % -12,94 % -12,17 % 10,54 % 23,57 % 12,54 % 10,30 % 10,31 % 8,02 % 8,95 %
3 income 4,46 % 4,26 % 3,42 % 2,82 % 2,75 % 4,02 % 4,69 % 4,20 % 4,00 % 3,88 % 3,89 % 3,84 %
3 property 10,08 % 9,03 % 0,24 % -8,58 % -14,60 % -3,57 % 8,76 % 13,67 % 8,44 % 5,43 % 5,79 % 4,65 %
3 total 14,54 % 13,29 % 3,65 % -5,77 % -11,85 % 0,46 % 13,45 % 17,87 % 12,43 % 9,31 % 9,68 % 8,50 %
4 income 4,54 % 4,46 % 3,61 % 2,87 % 2,69 % 3,70 % 4,46 % 4,00 % 4,14 % 3,95 % 3,88 % 3,88 %
4 property 6,84 % 8,20 % 3,78 % -4,60 % -9,17 % -6,81 % 0,87 % 7,93 % 12,00 % 7,05 % 5,36 % 5,46 %
4 total 11,37 % 12,67 % 7,38 % -1,73 % -6,48 % -3,11 % 5,32 % 11,93 % 16,14 % 11,00 % 9,24 % 9,34 %
5 income 4,60 % 4,57 % 3,77 % 2,99 % 2,70 % 3,57 % 4,18 % 3,79 % 3,99 % 4,06 % 3,93 % 3,86 %
5 property 5,78 % 5,94 % 4,27 % -1,09 % -5,71 % -4,02 % -2,84 % 2,17 % 7,82 % 9,91 % 6,75 % 4,97 %
5 total 10,38 % 10,51 % 8,04 % 1,90 % -3,01 % -0,45 % 1,34 % 5,96 % 11,81 % 13,97 % 10,69 % 8,84 %
6 income 4,74 % 4,66 % 3,87 % 3,10 % 2,77 % 3,55 % 4,07 % 3,67 % 3,82 % 3,96 % 4,03 % 3,91 %
6 property 6,85 % 5,12 % 3,24 % -0,13 % -2,51 % -1,92 % -1,24 % -1,03 % 3,12 % 6,82 % 9,20 % 5,97 %
6 total 11,58 % 9,78 % 7,12 % 2,97 % 0,26 % 1,63 % 2,83 % 2,64 % 6,94 % 10,78 % 13,23 % 9,87 %
Annual returns 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Price change -2,21 % 2,23 % -0,66 % -0,20 % 2,75 % 7,49 % 28,29 % -12,31 % -19,39 % 14,92 % 2,74 %
1 period income 3,59 % 3,75 % 3,62 % 3,67 % 3,78 % 3,99 % 4,86 % 3,12 % 2,84 % 4,34 % 3,78 %
1 period property -2,24 % 2,14 % -1,67 % -0,45 % 2,79 % 8,65 % 33,32 % -14,72 % -23,43 % 17,70 % 2,69 %
1 period total 1,35 % 5,89 % 1,95 % 3,21 % 6,58 % 12,64 % 38,17 % -11,60 % -20,60 % 22,04 % 6,47 %
2 income 3,79 % 3,65 % 3,68 % 3,66 % 3,72 % 3,89 % 4,44 % 3,86 % 3,00 % 3,49 % 4,04 %
2 property 3,25 % -0,54 % 0,04 % -0,73 % 1,00 % 5,84 % 21,49 % 5,74 % -18,70 % -5,70 % 9,66 %
2 total 7,04 % 3,12 % 3,72 % 2,92 % 4,72 % 9,73 % 25,93 % 9,61 % -15,71 % -2,21 % 13,70 %
3 income 3,80 % 3,75 % 3,64 % 3,69 % 3,69 % 3,82 % 4,24 % 3,90 % 3,53 % 3,34 % 3,59 %
3 property 3,61 % 2,23 % -1,15 % 0,33 % 0,21 % 3,69 % 15,59 % 6,45 % -3,72 % -9,33 % -2,83 %
3 total 7,42 % 5,99 % 2,49 % 4,02 % 3,91 % 7,51 % 19,83 % 10,35 % -0,18 % -5,99 % 0,76 %
4 income 3,82 % 3,77 % 3,71 % 3,66 % 3,71 % 3,78 % 4,10 % 3,87 % 3,63 % 3,69 % 3,45 %
4 property 4,07 % 2,50 % 0,98 % -0,47 % 0,70 % 2,46 % 11,65 % 5,61 % -1,16 % 0,48 % -6,48 %
4 total 7,89 % 6,26 % 4,70 % 3,19 % 4,41 % 6,24 % 15,75 % 9,48 % 2,47 % 4,17 % -3,03 %
5 income 3,87 % 3,78 % 3,73 % 3,73 % 3,68 % 3,77 % 4,01 % 3,84 % 3,66 % 3,75 % 3,72 %
5 property 5,16 % 2,86 % 1,35 % 1,24 % -0,09 % 2,43 % 9,11 % 4,41 % -0,50 % 1,85 % 0,96 %
5 total 9,03 % 6,64 % 5,08 % 4,97 % 3,59 % 6,21 % 13,12 % 8,25 % 3,16 % 5,60 % 4,68 %
6 income 3,87 % 3,82 % 3,75 % 3,74 % 3,73 % 3,74 % 3,97 % 3,81 % 3,66 % 3,76 % 3,76 %
6 property 5,12 % 3,75 % 1,76 % 1,63 % 1,23 % 1,51 % 8,01 % 3,49 % -0,56 % 1,96 % 2,06 %
6 total 8,99 % 7,57 % 5,51 % 5,38 % 4,96 % 5,25 % 11,98 % 7,30 % 3,10 % 5,71 % 5,82 %
